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YARDSTICK OF COMPARISON 








As manufacturers of what.are widely re- 
garded as the finest surgical blades ever 
developed, it is our conviction that pro- 
fessional preference is based upon their 
actual performance rather than attempts 
to evaluate their qualities by mechanical 
determinations. 


‘ Surgeons peel the superior sharpness of their in- 
_ Yaauneateseees imitable cutting edges. 


ee 


Surgeons dee just the desired degree of rigidity 
auaasenase=e= necessary to resist lateral pres- 
* 
*. Surgeons éow that dependable strength and 
*eananaumsenem long cutting efficiency serves to 
reduce blade consumption to a 
- % The quality of Rib-Back 
Blades has suffered no war- 
time change. Precision uni- pe ve 
formity . . . blade for blade se your cealer 
-, and long periods of BARD-PARKER COMPANY, INC. 
satisfactory service, make 
them the least expensive in Danbury. Connecticut 
the final cost andlysis. 
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But IS she well nourished? Too glibly 
written, too frequently taken for granted, 
good nutritive status cannot be safely as- 
sumed without careful evaluation. Even pa- 
tients under active medical care—the hyper- 
tensive, the peptic ulcer, the frankly obese— 
may suffer from nutritive failure of “thera- 
peutic” origin, resulting from special diets. 

Spies! has stated that “severe atypical 
deficiency disease, like other forms of 
nutritive failure, can be successfully cor- 
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rected by the application of...four essen- 
tials”— one of which is administration of 
the four critical water soluble vitamins in 
high dosage. Squibb Basic Formula is the 
same formula used by Spies!,2 and Jolliffe 
and Smith3, Jt is a pioneer preparation, 
founded on years of clinical experience. 

Fach Squibb Basic Formula Vitamin 
Tablet contains: thiamine hydrochloride 
10 mg., niacinamide 50 mg., riboflavin 
5 mg., ascorbic acid 75 mg. 


For complete information, write on your prescription blank “Nutritive Therapy”, 
and mail to Squibb Professional Service Dept., 745 Fifth Ave., New York 22 


abies Foumuller SQUIBB 


1. Spies, Tom D.; Cogswell, Robert C., and Vilter, Carl: J.A.M.A. (Nov. 18) 1944. Spies, 
Tom D.; M. Clin. North America 27:273, 1943. 2. Spies, Tom D.: J.A.M.A. 122:911 Uuly 31) 





1943. 3. Jollife, Norman, and Smith, James J.: Med. Clin. N. Am. 27:567 (March) 1943 
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Surgaloy metallic sutures are the result of six 
years’ extensive research and clinical observa- 
tion in the development of a wire strand to 
provide greater strength and ease of handling 
while conforming in all other respects to the 
highest requirements of the surgical profession 
for sutures of this type. 


Surgaloy, reflecting the properties of its com- 
ponents—chromium, nickel, steel and other 
ductile metals—offers these specific advantages 
in the handling and use of metallic sutures: 


1. Exceptional strength permits the use of very 
fine sizes. 
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2. Flexibility and freedom from kinking facili- 
tate handling and tying. 

3. Non-corrosive and inert, hence minimal 
tissue reaction. 


4. Non-magnetic and electro-passive in tissue 
fluids, it in no way restricts the use of dia- 
thermy or X-ray therapy. 

Surgaloy sutures are armed with swaged-on 

Atraumatic needles specially designed for pro- 

cedures in which metallic sutures are used. 

These are supplied in hermetically sealed glass 

tubes, heat sterilized and ready for use. Further 

information on request. 


DAVIS & GECK, INC. <Q 


57 WILLOUGHBY STREET, BROOKLYN 1, NEW YORK 








D & G SUTURES ARE OBTAINABLE THROUGH RESPONSIBLE DEALERS EVERYWHERE 
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You add a member to your surg- 
ical team when your patient receives 
Intocostrin. A pharmacologically 
standardized extract of curare, Intoc- 
ostrin relaxes abdominal musculature 
and diminishes intestinal protrus- 
ion, providing more space for the 
surgeon. It permits lighter, safer an- 





esthesia, lessens secondary operative 
trauma, saves postoperative nursing 
time and avoids postoperative com- 
plications. 

Intocostrin is injected intraven- 
ously immediately before the initial 
incision, or whenever extra relaxa- 
tion is required during an operation. 


CO) te coitine 


For information, address Professional Service 
Dept., 745 Fifth Avenue, New York 22, N.Y. 
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MANUFACTURING CHEMISTS TO THE MEDICAL PROFESSION 
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Materials i Medicine 


Pioneering Uses of Fiberglas* Materials in Medicine 


This new booklet describes a few of the uses of 
Fiberglas in medicine. Some of the uses are still 
in the experimental stage and require further 
development. Others are now helping physicians 
and surgeons obtain improved results in treating 
the sick or wounded. Such uses include: 

Measurement of Nitrogen Loss in 

Exudate from Burned Skin 

Tracer Threads in Surgical Sponges 

Experimental Surgical Sutures 

Culture of Microorganisms 

Blood Plasma Filters 

Air-Borne Bacteria Control 

Pollen and Dust Control 

Penicillin Production 

Insulation of Autoclavable Closed Motor 

Fiberglas-Plastic Artificial Limbs 

Fiberglas is glass in fiber or filament form. It 

is twisted into yarn, then woven into many types 
of textiles. A number of physical properties not 
often found in combination are responsible for 


the contribution Fiberglas has been able to make 
in the fields of research bearing on health. 

Fiberglas is an inorganic, nontoxic, nonaller- 
genic, nonsensitizing and chemically stable sub- 
stance which produces no harmful effect upon 
human tissue. It is pliable, has great tensile 
strength, high dimensional stability and resistance 
to high temperatures, steam, corrosive fumes and 
acids (except hydrofluoric) and can be sterilized 
and resterilized. The individual fibers are non- 
hygroscopic and noninflammable. 

Owens-Corning Fiberglas Corporation will pro- 
duce and supply Fiberglas materials required for 
medical research and necessary to clinical in- 
vestigation, regardless of the small quantities 
that may be involved. 

In writing for your copy of the new booklet and 
Fiberglas sample card address: Owens-Corning 
Fiberglas Corporation, 2034 Nicholas Bldg., 
Toledo 1, Ohio. 


FIBERGLAS 


*T.M. Reg. U.S. Pat. Off 
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Handling of sterilized su- 
tures under strictly aseptic 
conditions guards against 
accidental contamination. 


Testing surgical gut for tensile 
strength is an important step 
in the production of Scanlan 
sutures, 


Write for catalog of Scanlan sutures in wide varieties, 
including needled sutures. teriors. 


Division of THE OHIO CHEMICAL & MFG. CO. 


MADISON 4, WISCONSIN, U.S. A. L Scanlan Sutures 


Sean LAWN ” MORRIS Operating Tables 
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Scanian sutures are accu- 
rately gauged with the aid of 
sensitive gauges, as shown 
above. 


Scanlan surgical gut is high heat 
sterilized in modern automatically 
controlled electric autoclaves. 


Possessing optimum flexibility 
and smoothness, Scanlan sutures 
(non-boilable) are ready for use 
upon removal from the tube, re- 
quiring no further moistening. 
Simply store in a germicidal solu- 
tien for sterilization of tube ex- 
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»ochromic anemias, Hemo-genin combines the advantages 


OM A CLINICAL POINT OF VIEW... 


ust be assumed that every patient with chronic 














of Fergon (Ferrous Gluconate Stearns) with the nutritional values of vita- 


min B complex plus liver concentrate. Because Fergon 1s rarely associated 


with gastro-intestinal distress, Hemo-genin may be administered before 


meals to enhance iron absorption. 


emo-genin 


C 


Kergon Plus B Complex 


FOR HYPOCHROMIC ANEMIAS 





NEW YORK KANSAS CITY 





DETROIT 


SAN FRANCISCO 


REQUIRING IRON AND B COMPLEX 


Fated Stearn GCap 


j )e oe 
WUtLOn 


31, 


WINDSOR, ONTARIO 








FACTS ABOUT HEMO-GENIN 


COMPOSITION: Fergon (Ferrous Glu- 
conate Stearns), synthetic vitamin B 
complex factors, and liver concentrate. 
Six capsules daily supply 12 gr. ferrous 
gluconate and the daily requirement of 
B vitamins. 


NON-IRRITATING to gastro-intestinal 
mucosa because low degree of ioniza- 


tion makes it virtually non-astringent. 
May be administered before meals to 
facilitate maximum absorption. 


GREATER iron utilization shown by 
clinical comparison of ferrous gluconate 
with other iron salts.t 


tJ. Clin. Investigation 16:547, 1937. 


MICHIGAN 


SYDNEY, AUSTRALIA 





AUCKLAND, NEW ZEALAND 





INDICATED in hypochromi¢c anemias 
requiring iron and vitamin B complex. 
Especially valuable when patients do 
not tolerate other forms of iron. 
DOSAGE: Two capsules three times 
daily, before or after meals. 

SUPPLIED in bottles of 100 and 500 
capsules. 


FURTHER FACTS AND SAMPLES WILL BE GLADLY SENT ON REQUEST 





#J.A.M.A. 123:1007, 1943. 


YRADE-MARK HEMO-GENIN - REG. U.S. PAT. OFF. 
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MANUAL of 
DIAGNOSIS and TREATMENT of 


PERIPHERAL NERVE 
INJURIES 


By Robert A. Groff, M.D. 


Lieutenant Colonel (M.C.) A.U.S. Formerly 
Jefferson Medical College, and Assistant 
Graduate School of Medicine, 


Assistant Professo r ol 
Professor of 
University of 


Surgery 
Neurosurgery . 
Pennsylvania 


and Sara Jane Houtz, B.S. 


Second Lieutenant (P.T.) 


L.US 
This work fills a long-felt need. In the field of nerve injuries 
it presents a practical guide, particularly for those with little or 
no previous experience in such cases. 


This is a concise text presenting exceptional facts on identifica- 
tion and management of injuries of the peripheral nerves. 


Part I is devoted to general discussion of nerve injuries with 
a plan which discusses in detail the investigation of injuries and 
their treatment. 


Part II presents an illustrated outline of peripheral and cranial 
nerve function. Muscle function is expressed by ACTION 
DIAGRAMS which provide quick visualization and are an 
important guide to muscle exercise in physical therapy. 

The series of magnificent anatomic drawings showing nerve 


relationships in crucial parts of the extremities are invaluable 
to the surgeon. 


PLANNED FOR RELEASE—SEPTEMBER, 1945 
TENTATIVELY $8 ,00 


J. B. LIPPINCOTT COMPANY, E. Washington Square, Phila. 5, Pa. 
Enter my order and send me ( 


MENT OF PERIPHERAL NERVE INJURIES, By Groff, $8.00. 





LIPPINCOTT SELECTED PROFESSIONAL BOOKS 


S-645 


) MANUAL OF DIAGNOSIS AND TREAT 


( ) Charge My Account ( ) Cash Enclosed ( ) Send C.O.D 
Send to: Name - S Se 
Street 4ddress 
City, Zone, State —-- =" Viatanrn m eee 
Under your guarantee, I may return book within 10 days, otherwise I will 
A pay in full within 30 days. 





LIPPINCOTT SELECTED PROFESSIONAL BOOKS 


tA 


mapa 


pcesarecsrre fen 











SURGERY 





TO PROVIDE... 

With the introduction of the new, smaller “A-1]1 Model”, 
the versatility of the Singer Surgical Stitching Instrument has 
been extended to cover the entire range of suturing re- 
quirements. In delicate eye and plastic surgery, for example, 
this instrument has repeatedly demonstrated its efficiency 


in utilizing needles down to the smallest size practicable 
in surgical work. @ Its unigue advantage in providing the 

















surgeon with an even greater range of stitching techniques, 
and its ability to employ any suturing material (fed from 
a continuous spool supply), renders the Singer suturing in- 
stryment one of the most useful and practical devices ever 
offered in the field of surgery. 


SINGER SURGICAL STITCHING INSTRUMENT; 


unites needle, holder, suture supply and severing edge inone, 
self-contained instrument, sterilizable as a complete unit. 












Copyright, U.S.A., 1945 by the Singer Manufacturing Company. All Rights Reserved for all Countries.) 
4 








H-65 
SINGER SEWING MACHINE COMPANY us 


Surgical Stitching Instrument Division 
149 Broadway, New York 6, N. Y. 


Without obligation, please send copy of illustrated brochure, 








NAME 








ADDRESS v— 








CITY. 
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* 
IODINE...A PREFERRED ANTISEPTIC 





Efficient 
Under Adverse Conditions 


In clinical practice it is essential 
that an antiseptic retain its effi- 
ciency even in the presence of 
blood, serum, exudates and other 
interfering agents. 


In vitro tests comparing the bac- 
tericidal efficiency of Iodine and 
organic mercurial antiseptics re- 
cently were conducted, using thio- 
glycollate medium which inacti- 
vates or neutralizes the antiseptic 
action of many substances and 
preparations.* 


Markedly greater bactericidal effi- 
ciency of the U.S.P. Iodine Solu- 
tions was demonstrated under 
these conditions. 


*“Bactericidal Efficiency of Iodine So- 
lutions and Organic Mercurial Anti- 
septics”, Amer. Jour. Pharm., 117:5 
(Jan.) 1945. 











Iodine Educational Bureau, Inc. 
120 Broadway, New York 5, N. Y. 


* * 
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Watson's 


ORNIA 


Featuring the 
Injection Treatment 











by LEIGH F. WATSON, M.D., Mem- 
ber of Attending Staff of California 
Lutheran Hospital and Methodist Hos- 
pital at Southern California, Los An- 
geles. 2nd Ed. 591 pages, 281 illus- 
trations. Price, $7.50. 


Hernia is an important surgical 
problem. There is more to it than 
a single method of treatment. To 
know about this condition you must 
be informed on all factors entering 
into its cause, what hernia involves, 
and the various methods for suc- 
cessfully treating each individual 
case. This information is given in 
the Second Edition of Watson’s 
“Hernia.” The coverage is com- 
plete—from Embryology to Legal 
Complications. 


Every method of treatment—sur- 
gical and otherwise—is given, with 
special emphasis on Injection Treat- 
ment. Starting with an interesting 
historical introduction, the author 
considers the various types of her- 
nias, local anesthesia in hernia 
operations, and the numerous 
operative procedures that experience 
has proved to be the best. 


Illustrations are used profusely, 
making it easier to follow the sug- 
gested procedures. The anatomical 
details have been combined with 
the operative technique in the same 
drawings, thus greatly increasing 
the value of the illustrations. In 
all there are 281 illustrations. 


Watson’s “Hernia” is a well 
thought out and timely text, based 
on years of experience. Thanks to 
a great amount of clinical work and 
close observation this second edi- 
tion offers you valuable help for 
the successful handling of your her- 
nia problems. 


The C. V. Mosby Company 
Medical Publishers 
St. Louis 3, Mo. 
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18th Century Gobelin Tapestry. 
Superbly woven in silk and wool, 
under the direction of Michel 
Audran, one of Europe's master 
craftsmen, this exquisite tapestry 
and its companion pieces were 
executed for Louis Alexandre de 


Bourbon, favorite son of Louis XIV. 


Courtesy of The Metropolitan Museum of Art 


A catalog of Sklar Stain- 
less Steel instruments will 
be provided on request. 


PERFECTION 


Me 79 PISle... 


18th Century Gobelin Tapestry . . . one of a series of 10 distinguished Gobelins 
now in possession of the Metropolitan Museum of Art. As these exquisite tapes- 
tries represent the most perfect examples of Gobelin craftsmanship existent in 
America, so, too, the name SKLAR exemplifies the ultimate in perfection in 
American surgical products. Ever since its founding over half a century ago, 
it has been traditional policy with SKLAR to use only the finest materials and 
workmanship .. . to anticipate by intensive research every significant surgical 
development. This forward-looking policy, coupled with continually improving 
production techniques, has made the J. SKLAR MANUFACTURING COMPANY 
the leader in a highly specialized field. SKLAR products are sold only through 
accredited surgical supply distributors. 


D 


LONG ISLAND CITY, N. Y. 


BRAASCH BLADDER SPECIMEN FORCEPS 
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The cost to your hospital of sufficient Tincture Metaphen 

for the average surgical case is now remarkably low 
no more than a few cents—yet, its value to you, in peace of mind, 
is priceless. Why gamble when so much can be ; 


yours for so little? 


e 





The advantages of Tincture Metaphen— 





eat in high disinfecting power, relative freedom from irritating effects, 
“and prolonged duration of action—have been clearly established 
by an impartial, comparative study of fifteen commonly- 
used antiseptics.* On the oral mucosa, Tincture 
Metaphen was found to reduce bacterial count 95% to 100% within five 
minutes; to cause only a slight irritation in a few cases, none 
in the others; and to have, in substantial excess over any other agent 
tested, a two-hour duration of action. @ Tincture Metaphen is 
now available to your hospital at a lower cost than ever before. 


Aspott LaporaTorieEs, North Chicago, Illinois. 


*Meyer, E., and Arnold, L. (1938), Amer. J. Digest. Dis., 5:418. 


+ 
(Tincture of 4-nitro-anhydro-hydroxy-mercury-orthocresol, Abbott) T y Pa! ct wu re ak © fo ~ 4 Lo fal 


REG. U. S. PAT. OFF. 











Y, AMERICAN COLLEGE OF SURGEONS 


Cf? (? 
Come Ce 
664-1943 


Master Surgeon. Scientist and Author. Co-founder and President. American College of Surgeons: 
War: Professor of Surgerv. Western Reserve University. 1911-1924; 


Base Hospital No. 4. in France. World War 1: Founder and Director, 
Outstanding investigator in the energy mechanism of life. 


Brig- 
ade Surgeon. Spanish American 


Major. U.S. A. M. C. and Director. 


Cleveland Clinic Foundation, 1921-191 


Lo. 
From the series, Great American Surgeons. Reproductions suitable for framing sent free on request to: 


ETHICON SUTURE LABORATORIES, DIVISION OF JOHNSON & JOHNSON, NEW BRUNSWICK, N. J. 





urprising differences revealed 


in catgul digestion 


solution. 


eg 


Enlarged photograph of five stages of digestion of surface-chromicized gut in trypsin 


SURFACE-CHROMICIZED CATGUT 


rHE MATERIAL: Surface-chromicized gests readily, leaving a hollow cylinder which 
after spinning and drying. The chrome con- separates into ribbons. 
centration is very high in the surface layers This cylinder may be excessively resistant 


and relatively low in the core of the strand. 


RESULT: In enzyme solution, the 


to enzyme action and persist in tissue, fre- 
HI quently leading to knot extrusion. 


core of most surface-chromicized catgut di- 














Enlarged photograph of five stages of digestion of Tru-Chromicized gut in trypsin solution. 


ETHICON TRU-CHROMICIZED CATGUT 


¢fA8: By the Tru-Chromiciz- 
ing method, individual ribbons of catgut are 
soaked in chrome bath before they are spun 
into strand, permitting uniform deposition 
and full control of chrome concentration. 
rue Resttr: The Tru-Chromicized 
strand has the same chrome content from 


periphery to center, and hence exhibits uni- 
form enzyme resistance throughout diges- 
tion. Ethicon’s Tru-Chromicized gut digests 
on the surface and retains its integrity as a 
unified suture until digestion approaches 
completion. Total digestion eliminates knot 


extrusions. 


ETHICON 


WMICT 


Lhe onty Tuu-Chromiciyed Surgical Gul 
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Surgical Gut with Lock-Knot Finish 


Suture Breakage Minimized 


WITH ETHICON’S 20% MORE STRENGTH-UNIFORMITY 


@ “What is the secret of Ethicon’s 


strength?” we are sometimes asked. Photoelectric microgauge tells significant story 
That’s a secret we are glad to tell. 


First—Ethicon manufactures its own 
surgical gut. Every process from raw 
sheep gut to sterile tube is performed by 
our own laboratory and technical staff. 

Second—Special machines, exclusive HAND-POLISHED SURGICAL GUT SUTURE 
with Ethicon, designed by our engi- 
neers, are capable of finishing the gut 
to a tolerance of 2/10,000 of an inch. Size 1, charted by the photoelectric microgauge, shows 
diameter irregularities along entire length of strand. 


Meeting U.S.P. Requirements 


Tru-Gauging, as this new method is 
called, gives precise end-to-end size- — 
uniformity and contributes to greater =e EE SS aS 
strength-uniformity. Independent labo- 
ratory tests confirm that Ethicon 
Tru-Gauged Catgut has an average ee ee 
strength-uniformity 207 greater than ETHICON TRU-GAUGED SURGICAL GUT SUTURE 
hand-polished gut. e% ; 
Size 1, charted in same manner by the microgauge, shows 
gauge uniformity resulting from Tru-Gauging Process. 
This gauge-uniformity gives 20% greater uniformity of 
Only Ethicon Sutures are Tru-Gauged. strength by eliminating “low spots” that cause weakness. 


You can minimize breakage annoy- 
ance with Ethicon. 


Ethicon Sutures for every purpose supplied by your surgical dealer 


ETHICON SUTURE LABORATORIES 


Division of Gohwsonafolunen New Brunswick, N. J. 


World’s Largest Manufacturer of Surgical Catgut 
Suture Laboratories at New Brunswick, N. J.; Chicago, Ill.; Brazil; Argentina; England; Australia 
Copyright 1945, Johnson & Johnson Printed in U.S. A. 
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Many years of clinical experience with CORAMINE* (pyridine- 
beta-carboxylic acid diethylamide) have demonstrated that 
satisfactory results cannot be expected from an injection of an 
inadequate quantity in shock conditions. A single intravenous 
injection of at least 5 cc. is necessary to restore respiration 
and circulation, as well as to increase intramuscular pressure. 
Subsequent maintenance dosage of 1.5 3.0, or even 5.0 cc. 


intramuscularly three or four times daily usually follows. 
SHOCK due to trauma, surgery, anesthesia, extensive burns. 
ASPHYXIA — neonatorum, drowning. 


POISONING due to opiates, hypnotics, alcohol, carbon 


monoxide. 


CORAMINE 


cc. Ampuls — Cartons of 3 and 12 


*Trade Mork Reg. U.S Pat. OF 


KG 


CIBA PHARMACEUTICAL PRODUCTS, INC. 
SUMMIT, NEW JERSEY 
IN CANADA, CIBA COMPANY LIMITED, MONTREAL 
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OPTIMAL SUCCESS in the management of diabetes 
mellitus depends largely on the patient’s knowledge 
of the disease. Physicians carefully educate their 
diabetic patients. Facts concerning blood and urine 
sugar, diet, exercise, Insulin, and Protamine Zinc 
Insulin are valuable steppingstones to successful 
treatment. Other things being equal, the well- 


trained patients live the longest. 


Iletin (Insulin, Lilly) preparations are products 


of purity, stability, potency, and uniformity. They 
are subjects of constant research and are in ever- 
increasing demand. Eli Lilly and Company, 
Indianapolis 6, Indiana, U.S. A. 








Original Communications 


Society of University Surgeons 


SUCCINYLSULFATHIAZOLE AND PHTHALYLSULFATHIAZOLE IN 
SURGERY OF THE COLON* 


Epaar J. Poru, M.D., Pu.D., GALVESTON, TEXAS 
(From The Surgical Research Laboratory, Department of Surgery, University of Texas 
Medical Branch) 


R ESULTS following surgery of the colon have shown a steady improvement. 
Ten years ago a ten per cent mortality rate following primary surgery of 
the colon was considered good. Some well-regulated clinics and groups now 
report a mortality rate as low as 2 per cent. During this period the changes in 
surgical technique are insufficient to account for the better results. The low- 
ered operative mortality must be ascribed largely to improvements in preopera- 
tive and postoperative care. Coincident with the improved results is the intro- 
duction of intraperitoneal vaccination, sulfonamide therapy, and decompression 
by use of the Miller-Abbott tube and Wangensteen suction. 

In 1941, succinylsulfathiazole (Sulfasuxidine) was introduced by Poth and 
Knotts’ as an intestinal antiseptic. Since that time this drug has been studied 
extensively regarding its anti-bacterial action locally in the gastrointestinal and 


6 


genitourinary tracts.7° The drug has found rather widespread use as an agent 
to modify the bacterial flora of the colon and to prepare this section of the 
bowel for surgery.*?° The antibacterial action of the compound effects a con- 
siderable drop in the gram-negative flora of the bowel. Both aerobic and 
anaerobic organisms are affected. The organisms in the coliform group are 
moderately resistant to the action of the sulfonamide, and, because of their 
characteristic growth on selective media such as desoxycholate and eosin- 
methylene blue, they serve as an excellent indicator for following the effective- 
ness of the measure. A simple bacteriologie technique for the practical demon- 
stration of significant alteration in the number of the coliform organisms con- 
sists in mixing a small particle of the feces under study with a drop of sterile 
water containing 5 mg. per cent of para-aminobenzoic acid on a sterile slide and 
streaking a 2 mm. loopful of this triturate on a desoxycholate or eosin-methy- 
lene blue agar plate." THis procedure transfers and streaks approximately 0.01 
Gm. of feces onto the plate. The plate count multiplied by 100 gives the ap- 


This paper was to have been presented at the meeting of the Society of University Sur- 
geons, New York, N. Y., Feb. 8, 1945. (Meeting canceled.) 
*Aided by a research grant from Sharp & Dohme, Inc., Philadelphia, Pa. 
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proximate number of coliform organisms per gram of feces. Before sulfa- 
suxidine is administered, the colonies of coliform organisms on the plate will 
be too numerous to count. When the plate count has dropped to 100, the feces 
being studied will contain roughly 10,000 coliform organisms per gram. Our 
practice has been to consider a coliform population not exceeding 1,000 organ- 
isms per gram of feces as indicating a satisfactory preoperative preparation of 
the colon, and the corresponding count on the streaked plate should not exceed 
twenty colonies. 

When the coliform count has dropped to 1,000 organisms per gram of feces, 
the stools will have become semifluid, relatively odorless, small in bulk, and 
mucoid, 

In 1943, Poth and Ross?’ ** published their results on a continued study of 
the acylated sulfonamides and presented data on phthalylsulfathiazole (Sulfa- 
thalidine) which showed this compound to possess approximately twice the bae- 
teriostatic activity shown by sulfasuxidine as indicated by their antibacterial 
actions against the coliform organisms in the gastrointestinal tract of dog and 
man.** These findings were confirmed and extended by Mattis, Benson, and 
Koelle.*4 

In general the effects of sulfasuxidine and sulfathalidine are similar, as in- 
dicated by their antibacterial action against the coliform organisms. Sulfa- 
thalidine does not tend to reduce the feces to a semifluid state, nor does it effect 


as great a degree of change in the odor of the stools. Obviously, the action of 


the drugs does differ somewhat, both qualitatively and quantitatively. Sulfa- 
thalidine has the greater tendency to alter the coliform count and will lower the 
count even in the presence of severe diarrhea. With the administration of this 


latter drug, however, the feces tend to become tenacious and stringy and result 
in less efficient mechanical emptying of the bowel and a less satisfactory surgical 
preparation unless enemas and purgatives are used simultaneously. 

Dosage.—Since sulfathalidine has twice the bacteriostatic activity of sulfa- 
suxidine, one-half the amount of the former drug would have a bacteriostatic 
action, as indicated by the effect on the coliform organisms, equal to that of 
the latter compound. The usual dosage of sulfasuxidine is 0.02 Gm. per pound 
of body weight every four hours, or 3.0 Gm. every four hours for an average- 
sized man (150 pounds). This dosage is approximately 0.25 Gm. per kilogram 
each twenty-four hours. The corresponding dose of sulfathalidine is 1.5 Gm. 
every four hours. In the case of these drugs, which are sparingly absorbed and 
whose effective action is limited locally to the gastrointestinal tract, it is not 
the weight of the patient but rather the inner surface area of bowel, and the 
rate at which the drug passes over this surface, which determines the quantity 
of drug required to effect the desired antibacterial action. In the presence of 
an extensive diarrhea, the dosage must be doubled to effect an equivalent altera- 
tion of the bacterial flora. It has been found that sulfathalidine is the drug 
of choice when diarrhea is present or whenever enemas and purgatives are used. 

Toxicity—Of the several thousand individuals who have received these 
drugs in full therapeutic doses, there has been but a single fatality reportedly 
due to drug intoxication following the administration of sulfasuxidine. In 
this instance®” ** a patient, previously shown to be sensitive to sulfathiazole, 
developed a fatal acute agranulo¢ytosis following the administration of 159 Gm. 
of succinylsulfathiazole in the course of twelve days. Fever therapy in the 
form of the injection of killed typhoid organisms was being administered simul- 
taneously. 
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Clay and Pickrell*? reported two reactions following succinylsulfathiazole 
administration. One of these consisted of a hematuria which had not been 
previously reported. An unusually high blood level of 3.8 mg. per cent of 
sulfathiazole was found two days after the drug was discontinued. No sulfa- 
suxidine determinations were reported. In my experience it has not been un- 
usual to find sulfathiazole being given when sulfasuxidine had been ordered ; 
and unless this possibility was eliminated, such an occurrence might explain 
this isolated observation. Hematuria usually means erystalluria, which will 
not oecur when sulfasuxidine is administered unless the urine has an unusually 
strong acid reaction. 

I have observed two instances in which patients developed myalgia, ar- 
thralgia, hyperpyrexia, and a rash following the administration of sulfasuxidine. 
These reactions were sufficiently severe to contraindicate continued drug therapy. 
Mild reactions to both sulfasuxidine and sulfathalidine are not infrequent, and 
an occasional severe reaction must be expected. Ordinarily, these reactions 
consist of nothing more severe than headache, malaise, anorexia, and moderate 
rise of temperature and do not require that the therapy be interrupted. Of the 
two drugs, sulfathalidine is the least toxie. Bargen®* found, from a study of 
over 2,000 patients to whom sulfasuxidine was administered, that toxic reac- 
tions of sufficient degree to indicate discontinuance of the therapy occurred in 
less than 1 per cent of the cases. Sulfathalidine was then administered to these 
patients sensitive to sulfasuxidine without the recurrence of toxic manifesta- 
tions in a single instance. Obviously, a severe reaction may occur and any pa- 
tient receiving either of these drugs should be under adequate observation.*® 

Allen®® reported that approximately one-fifth of his patients having carcino- 
ma of colon showed increased hemorrhage after receiving sulfasuxidine for four 
or five days. I have noticed an increase of bleeding in an occasional patient, 
but the incidence has not been so high. In my experience the increased bleed- 
ing has not been sufficiently serious to force an emergency operation or a change 


in the preoperative management. An increased tendency to bleed at the line 


of suture has not been observed during the postoperative period when sulfa- 
suxidine was administered. 


THE PREOPERATIVE PREPARATION OF THE COLON 


Not only is it desirable to lower the bacterial count and simplify the flora 
of the bowel before operation, but the colon must be mechanically clean and 
empty. Ordinarily these conditions can be accomplished by merely placing the 
patient on a low residue diet and administering succinylsulfathiazole. Occa- 
sionally it may be necessary to use more vigorous methods to clear the bowel 
of fecal material, and most surgeons insist upon using purgatives and enemas as 
a part of the surgical preparation. In this event, and in the absence of ob- 
struction, the patient is placed on a residue-free diet high in protein and carbo- 
hydrate, a saline purgative is given to effect efficient evacuation of the bowel by 
several watery stools, after which a high colonic flush is administered. The 
diet should consist of strained fruit juices fortified with lactose, gelatin, 
casein, jello, and vitamin concentrates. A minimum of 100 Gm. of protein 
should be taken daily, especially if the patient has been on a restricted protein 
intake. The patient will take this diet readily, especially if the simple carbon- 
ited drinks are given. Alcoholic beverages in moderate quantities may be 
allowed when the patient is accustomed to taking them and thev are well tol- 


erated. 
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Occasionally a malnourished patient will not respond to an adequate pro- 
tein intake. Only the simplest emergency operations should be done when the 
plasma protein concentration is less than 5.5 per cent and the A-G ratio is less 
than 1.5. Starved patients frequently have fatty livers (Wangensteen*') and 
tolerate anesthesia and extensive operative procedures poorly. It is not unusual 
to find that a patient with protein deficiency will refuse to eat and may require 
intravenous amino acids. After three to four days administration of amino 
acids intravenously with parenteral vitamins, the appetite will return and ade- 
quate food will be taken by mouth and be utilized to replace the depleted pro- 
tein stores. 

A. The Use of Sulfasuxidine for Preoperative Preparation —Sultasuxidine, 
3.0 Gm., is given orally every four hours for at least seven days if no observa- 
tions are made on the coliform content of the feces. Quantitative bacteriologic 
studies of the feces of 350 patients show less than 1,000 coliform organisms per 
gram of wet feces after the following periods of treatment: (1) 37 per cent with- 
in three days of therapy, (2) 80 per cent within five days of therapy, and (3) 94 
per cent within seven days of therapy. If the coliform count is followed by 
the streak technique, the drug is given until the number of coliform colonies on 
the streaked plate is less than twenty. In the presence of a watery diarrhea, 
3.0 Gm. of sulfathalidine each four hours should be substituted for the sulfa- 
suxidine. Should the diarrhea stop, the dosage should be reduced to 1.5 Gm. 
of sulfathalidine. If an enema is given on the evening preceding operation, it 
should consist of sterile tap water containing 10.0 Gm. of sodium bicarbonate 
and 6.0 Gm. of sulfasuxidine powder to the liter administered as a high colonic 
flush in sufficient quantity to ensure complete evacuation of the colon. I have 
seldom found this measure necessary to secure an empty, collapsed bowel at the 
time of operation. Sulfasuxidine appears to be slightly irritating to the mu- 
cous membrane of the large bowel resulting in an increased secretion of mucous 
characteristically accompanied by three or four small soft bowel movements 
daily. 

B. The Use of Sulfathalidine for Preoperative Preparation —Sulfathal- 
idine, 1.5 Gm., is given orally every four hours for at least seven days if no 
observations are made on the coliform content of the feces. Again, if the coli- 
form count is observed using the simplified streak technique, the therapy is 
continued until the number of coliform colonies on the streaked plate is less 
than twenty. This observation will frequently allow a considerable reduction 
in the time required for satisfactory preparation, because many patients will 
have shown a significant alteration of the bacterial flora within three days of 
therapy. 

Sulfathalidine is not as efficient as sulfasuxidine in effecting mechanical 
cleansing of the bowel, because it does not render the feces as fluid. Mild 
purgation must ordinarily be used in conjunction with the administration of 
phthalylsulfathiazole. The patient should have at least one bowel movement 
daily. Observation of the size, consistency, and odor of these stools will readily 
indicate when the colon is satisfactorily evacuated. Should the patient develop 
a watery diarrhea, the dosage of sulfathalidine should be doubled. If enemas 
are used, they should consist of sterile, warm, tap water containing 10.0 Gm. 


of sodium bicarbonate and a suspension of 6.0 Gm. of sulfathalidine powder 
to the liter. 

It must be remembered that the sulfonamides are bacteriostatic substances 
and that they do not ordinarily possess bacteriocidal properties. It is required, 
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therefore, that these drugs come in contact with the entire mucosal surface to 
effect a significant alteration of the bacterial flora. A segment of bowel into 
which no drug passes will continue to feed organisms into distal portions of 
bowel, and the feces will continue to show high bacterial counts. The time re- 
quired to alter the bacterial flora in the presence of diverticulosis is prolonged. 
In the presence of fecal fistulas diverting the fecal stream away from the distal 
portion of bowel, not only must the usual dose of drug be given ‘by mouth, but 
an equal quantity of drug must be introduced into the distal segment of bowel 
if the flora in this portion is to be affected. 

It is not universally agreed that sulfasuxidine is the drug of choice for the 
preoperative preparation of the colon, and it certainly would not be so if a watery 
diarrhea exists or if enemas and purgatives are administered. Whichever drug 
(sulfasuxidine or sulfathalidine) is superior will be determined by the entire pre- 
operative management and must be fitted into the routine of the individual physi- 
cian. Sulfathalidine will likely be preferred by many surgeons, because its greater 
antibacterial activity will permit the use of purgatives and enemas. I have 
rigorously avoided the use of any procedures accessory to the administration of 
either succinylsulfathiazole or phthalylsulfathiazole. Under these conditions | 
consider succinylsulfathiazole to be superior. Bargen,'” °° on the basis of ex- 
perience gained from the observation of 2,075 patients treated with sulfasuxidine 
and sulfathalidine in 1943 and 1944, states: ‘‘Succinylsulfathiazole (sulfa- 
suxidine), so far, has proved to be the drug of choice in preoperative manage- 
ment, with phthalvlsulfathiazole (sulfathalidine) serving as an alternative 
when toxicity to succinylsulfathiazole manifests itself.’’ It is unnecessary, 
routinely, to determine the level of these drugs in the blood, because only about 
5 per cent of the ingested drug is absorbed and the rate of excretion by the 
kidneys is rapid. In the event of an untoward reaction the blood level should 
be determined. 

THE POSTOPERATIVE ADMINISTRATION 


There may be little indication for the postoperative administration of these 
locally active sulfonamides ; for example, when the operative procedure ends in 
a colostomy as in the case of an abdominal-perineal resection. When bowel su- 
ture is performed, however, and the involved segment is retained in the peri- 
toneal cavity, the bacterial flora should be controlled for twelve days postopera- 
tively so as to pass the period during which leakage may oceur at the suture 
line. During the first twenty-four hour postoperative period continuous gas- 
tric suction is used, because this period includes recovery from the anesthetic 
when air is frequently swallowed in considerable quantities. Ordinarily, the 
patient can then tolerate water of room temperature in 30 ¢.c. quantities at 
hourly intervals and 1.5 Gm. of phthalylsulfathiazole every four hours. It is 
best to give a single 0.5 Gm. tablet of drug on three occasions during the four- 
hour interval rather than the entire drug in a single dose. The drug is toler- 
ated surprisingly well. During the postoperative period, sulfathalidine is the 
drug of choice. 

SUPPLEMENTARY DRUG THERAPY 


As stated by Pemberton and associates*’: ‘‘In spite of the availability of 
the newer chemotherapeutic agents, the chief cause of hospital deaths after 
operation on the large intestine continues to be infection. Of the thirty-four 
hospital deaths after operations on the large intestine in 1943, seventeen were 
caused by peritonitis, three were primarily due to pneumonia and one was from 
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septicemia.’” In this series the operative mortality due to peritonitis is only 
1.0 per cent, but it does represent the greatest single cause of hospital death 
following operations on the colon. The two adjuvants used consisted of the 
preoperative preparation with succinylsulfathiazole and the intraperitoneal in- 
stillation of sulfathiazole powder at the time of operation. It has been demon- 
strated repeatedly that the instillation of sulfathiazole intraperitoneally is of 
value in preventing peritonitis.‘ °° In the event there is wound sepsis about 
a tecal fistula, Keene's recommended that sulfathiazole or suifadiazine should be 
given tor forty-eight hours before operation, and so long as is deemed necessary 
postoperatively, in full therapeutic doses to give optimum tissue saturation. 

As penicillin becomes more readily available, it will, no doubt, figure as an 
additional adjuvant. 


DISCUSSION 


The aim of this paper is to delineate the relative values of sulfasuxidine 
and sulfathalidine as agents in preparing the colon for operation: not only to 
reduce and simplify the bacterial population and thereby reduce postoperative 
infection of the peritoneal cavity and abdominal wall, but also to place the 
colon in the best mechanical condition by removal of fecal material and redue- 
tion of postoperative distention. 

It has been demonstrated repeatedly that these acylated sulfonamides alter 
and simplify the bacterial flora of the gastrointestinal tract. The question is 
raised as to whether such a modification is of any practical value in making 
surgery of the large bowel a safer procedure. 

The first report on a series of fifty patients receiving succinylsulfathiazole 
both preoperatively and postoperatively when operations were performed on the 
colon was by Poth’ in 1942. No fecal fistulas developed, there were no in- 
stances of peritonitis, and there were no deaths. 

In 1943, Allen’? expressed the opinion that with the use of sulfasuxidine 
there was a definite tendency to increase the number of single-stage operations 
on the large bowel. By 1945, this author*®® considers sulfathalidine the drug of 
choice for the preoperative management of patients with carcinomas of the 
colon, because this drug shows no tendency to cause increased hemorrhage from 
ulecerating lesions. In addition sulfadiazine is given intravenously beginning 
on the morning of the operation. Sulfathalidine is administered postopera- 
tively as soon as tolerated. This procedure has permitted open anastomoses, 
deep in the pelvis, without institutine drainage to the area. 

Also in 1943, Zintel, Lockwood, and Snyder™ and Archer'* reported favor- 
ably on the use of succinylsulfathiazole in the preoperative management of 
colon resections. 

Behrend’? (1944) was most enthusiastic about the value of sulfasuxidine 
which has permitted him to substitute primary anastomoses without an accom- 
panying cecostomy or other form of enterostomy for the Mikuliez operation in 
surgery of the colon. 

Archer and Lehman’® have stressed the importance of an adequate protein 
intake during the period of preoperative preparation. They also used succinyl- 
sulfathiazole. They reported thirty-six successive operations performed on the 
‘olon with one death attributable to the failure of the drug to protect a 71- 
year-old man from a localized peritonitis, pneumonia, and lung abscess. 


Dixon and Benson,’ in 1944, compared the results obtained on the surgical 


sure of the stomata 1 274 Mikuliez operations using four different proce- 
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‘ dures: Group I, 102 patients received no sulfonamides; Group II, 40 patients 
received sulfanilamide locally; Group ITI, 30 patients received sulfathiazole lo- 
eally; and Group IV, 102 patients received suecinylsulfathiazole orally for three 
days preoperatively (none in the distal segment) and sulfathiazole locally. 


TABLE I. COMPARATIVE MORBIDITY FOLLOWING CLOSURE OF COLONIC STOMATA AS 
INFLUENCED BY SULFONAMIDE THERAPY 


IMMEDIATE OPERATIVE RESULTS 
(IN PER CENT 


es venncen . _ , HEALED IN 
WOUND INFECTION | FECAL DRAINAGE 


GROUP 14 DAYS 


= 7 84 3( 
I] 77 2 10 
II] 63 ] 2() 
[IV 13 y 80 
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Table I shows the occurrence of wound infection in 84 per cent of cases 
in which no sulfonamides were used as compared to 80 per cent healed wounds 
by the fourteenth postoperative day after preoperative administration of suc- 
cinylsulfathiazole and local implantation of sulfathiazole. The use of sulfa- 
ij nilamide and sulfathiazole locally gave but slightly better results than the un- 
treated controls. 

Keene’ ** has prepared some fifty patients with war injuries to the colon 
by the administration of sulfasuxidine for eight days. The proximal and dis- 
tal segments of bowel are irrigated with 1:4000 potassium permanganate on the 
morning of the operation; 4 Gm. of sulfanilamide were placed in the peritoneal 
cavity and 2 Gm. in the abdominal wound, and the skin left open for forty- 
eight hours. Primary union of bowel occurred in 100 per cent of the cases. 

One should always emphasize that sulfasuxidine and sulfathalidine are prop- 
erly used only as aids in colonie surgery and should not in the slightest degree 
encourage a breakdown in proved surgical principles. So-called aseptic proce- 
dures should be used whenever possible, but, when necessary, an open anas- 
tomosis can be done with a much greater degree of safety. With the proper 
alteration of the baeterial flora, the preservation of blood supply by the avoid- 
ance of tension and the proper placement of fine sutures becomes much more 
important than chance soiling of tissues by the modified contents of the bowel. 


CONCLUSIONS 

The evidence which has accumulated over the past four years indicates that 
succinylsulfathiazole and phthalylsulfathiazole, when given in adequate doses, 
are bacteriostatic agents which will produce a significant modification of the 
bacterial flora of the bowel and that their proper administration will help to 
vive a satisfactory mechanical preparation of the bowel preceding surgical 





operations while the patient is maintained on an adequate protein and earbo- 
hydrate diet. The postoperative morbidity studies indicate that these drugs, 
when properly used in the preoperative and postoperative surgical periods, will 
act as aids, contribute to a lowering of the operative mortality, and make an 
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oceasional procedure possible which might otherwise not be feasible. 
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ELECTIVE OCCLUSION AND EXCISION OF THE PORTAL VEIN 
AN EXPERIMENTAL Stupy* 


ALEXANDER BrunscHwic, M.D., Ropert BicgeLow, M.D., AND 
SABRA NICHOLS, 8S.B., Cuicaco, ILL. 


(From the Department of Surgery, The University of Chicago) 


PATIENT was subjected to laparotomy for excision of a carcinoma of the 
A neck of the panereas. The posterior aspect of the tumor had infiltrated 
the first portion of the portal vein but this was not appreciated until the vein 
was accidentally opened. Copious hemorrhage ensued and when finally con- 
trolled, the clamped and transected portal vein was separated from the clamped 
and transected superior mesenteric vein by about 4 em. distance. Attempts to 
approximate these vessels for anastomosis failed, as the tension was too great 
and the vessel walls tore easily. The portal and superior mesenteric veins were 
ligated. A pancreatoduodenectomy was performed. The patient’s condition 
was not satisfactory and the procedure rapidly terminated by gastrojejunostomy 
and insertion of a catheter into the transected common duct and its ligation in 
place; the abdominal wound was closed with the catheter brought out through 
it. The pancreatoduodenectomy was not properly completed because it was 
felt that the patient would suecumb in a few hours as a result of the portal 
ligation. Instead, her condition improved after operation and for several days 
it appeared as though she might survive. On the eighth postoperative day 
clinical signs of peritonitis developed and she died on the tenth postoperative 
day. Necropsy revealed bile peritonitis that resulted from leakage about the 
‘atheter in the common duct. There was no evidence of vascular disturbances 
due to portal vein transection. There were venous anastomoses at the root of 
the mesentery between mesenteric veins and radicals entering the inferior vena 
cava; there were also anastomoses between portal and caval circulations in the 
spaces of Retzius. Twenty vears previously there had been a pelvie operation 
through a low midline incision and the greater omentum was extensively adherent 
to the lower anterior abdominal wall; the adhesions were very vascular. This 
was also an anastomosis between portal and caval venous systems. (Details 
previously published [Brunschwig] ). 

There are not a few instances on record of occluding thrombosis of the 
portal vein which was gradual enough to permit of the development of collateral 
anastomoses and under which conditions continued existence was possible. 

These facts raised the question of devising a technique for gradual occlusion 
of the portal vein that would permit of the development of collateral circulation 
in relatively short time so that excision of the portal and terminal segments of 
superior mesenteric vein might be carried out with survival. 

A review of the literature reveals that Oré, in 1856, was the first to demon- 
strate the feasibility of gradual occlusion of the portal vein in dogs. This work 
was carried out before the advent of asepsis. The abdomen was opened through 
an oblique incision parallel to the right costal margin, the portal vein isolated, 


This paper was to have been presented at the meeting of the Society of University 
Surgeons, New York, N. Y., Feb. 8, 1945. (Meeting canceled.) 

*This study was facilitated by the Charles and Mary F. S. Worcester Memorial Fund 
for Cancer Research, The University of Chicago. 
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a thread passed beneath it, the wound closed, and the two long ends of the 
thread tied over the animal’s back. On the fourth day, one thread was eut and 
the remaining one pulled out. The inflammatory reaction induced by the pres- 
ence of the thread about the portal vein induced a gradual thrombosis in the 
latter which was not too sudden or complete to cause death. Two animals sur- 
vived for periods sufficiently long (eleven and twenty days) to demonstrate that 
the collateral venous anastomoses had developed. 

Solowieff, in 1875, demonstrated that if preliminary ligations of the superior 
mesenteric, then gastrosplenie vein, were carried out at five- to six-day intervals, 
the portal vein could be ligated with survival of the animal. Oré’s observations 
were confirmed by Bernard in his published lectures on diabetes in 1877. Til- 
mann, in 1899, demonstrated that if the portal vein is stenosed to one-half its 
diameter by a ligature, at a second operation eight days later the vein could be 
completely occluded with survival. Ito and Omi, in 1902, carried out some 
thirty experiments on stage ligation and also preliminary ligations of large 
tributaries to the portal vein prior to its complete occlusion. In some instances 
omentopexy was also performed but the significance of this was questioned. 
Neuhof, in 19138, reported experiments in dogs in which the portal was grad- 
ually occluded during three-stage ligature compressions over a period of fourteen 
days. He also demonstrated that preliminary ligation of large tributaries would 
finally permit of total occlusion of the portal vein with survival. There appears 
to have been no further reports of such experiments until 1931, when Dragstedt 
again reported successful occlusion of the portal in various species of animals 
by a two-stage procedure. 

It has long been known that dogs survive primary complete portal ligation 
for only one-half to two and one-half hours. Elman and Cole pointed out, in 
1934, that the clinical picture was that of progressive and profound shock be- 
cause of the accumulation of blood in the occluded portal venous system with 
resulting marked reduction in circulating blood volume. 


EXPERIMENTAL 


A. Omentopexry in the dog does not afford sufficient collateral venous anas- 
tomoses to permit of survival after subsequent complete portal ligation. In four 
dogs, laparotomy was performed through a midline incision, splenectomy was 
performed, anterior parietal peritoneum was incised on each side, and large 
masses of omentum were tucked through these openings into the abdominal wall 
and apposed to the musculature by interrupted sutures. The abdomen was then 
closed. Twenty to thirty-four days later laparotomy was again performed and 
the portal vein ligated. Survivals varied from one to two and one-half hours. 
Necropsies revealed severe venous congestion in the portal system and marked 
eyanosis of the bowels. The omental adhesions to the abdominal wall were pre- 
dominantly fibrous with little vascularity. This is in contrast to man, where such 
omental adhesions are usually quite vascular. The results are summarized in 
Table I. 


TABLE I. OMENTOPEXY, THEN LIGATION, OF PORTAL VEIN 





nn TIME AFTER OMENTOPEXY ———«*SURVIVAL AFTER 





PORTAL VEIN LIGATED PORTAL VEIN LIGATION 
823 20 days 2+ hours se 
855 30 days 11% hours 
856 31 days 2% hours 
832 2 operations, the second more 1 hour 10 minutes 


extensive, performed 3 weeks 
after first; portal ligation 13 
days later 
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B. The portal vein may be successfully divided and occluded by a ‘‘tran- 
section ligature’’ (Table II). Dogs were subjected to laparotomy, a linen 
thread passed about the portal vein proximal to entrance of the gastrosplenic 
vein, the long ends brought out of the wound and tied over the back. On the 
fourth postoperative day the threads were pulled upon for a brief period. 
This was repeated each day subsequently. On the eighth to twelfth day post- 
operatively the intact loop was pulled out, thus indicating that it passed through 
the portal. Division of the vessel with occlusion of it did not always obtain. In 
some cases the lumen persisted (or reformed) but there was stenosis at the 
transection site (Fig. 1). A period of about ten days (with some variation) 
seems to be adequate for the development of venous collateral circulation to per- 
mit of survival with occluded portal vein (Fig. 2). 
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Fig. 1. Fig. 2. 
Fig. 1.—Schematic representation of ligature transection of portal vein. A, digature 


passed about portal vein, not tied. B, Compression of vein by tugging upon ligature. Even- 
tually ligature transects portal vein; lumen may persist or rapidly re-form (C), or there 
is cicatricial obliteration of the vessel (D). 

. Fig. 2.—Photograph of occluded portal vein necropsy specimen from Dog 42. L, Ter- 
minal portion of superior mesenteric vein; g, termination of gastrosplenic vein. S, Site of 
transection ligature where portal vein has been divided and is here represented as a _ solid 
fibrous cord. P, Terminal portion of portal vein; RP, right branch; LP, left branch. 

The high incidence of peritonitis encountered may be ascribed to the con- 
tamination of the peritoneal cavity through the sinus persisting for several days 
by virtue of the ligatures about the portal vein, which ligatures passed back- 
ward and forward through the laparotomy wounds as the animals moved about 
their cages, and also were pulled up and allowed to relax intentionally at inter- 


vals in the course of bringing about transections of the portal vein. 
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TABLE II. OCCLUSIONS OF PORTAL VEIN BY TRANSECTION LIGATURE 


LOOPED LIGATURE ABOU' - 7 _——— oF 
PORTAL VEIN PULLED 
DOG uipyicas i mau Agger enins RESULT 
OUT OF WOUND: TIME 
AFTER OPERATION 





Pup. Ligature not pulled out Died 9th day P.O. of peritonitis; ligature in place, portal 
vein obliterated by old clot 

220 Ligature not pulled out Died 11th day P.O. of peritonitis; ligature had transected 
portal vein, portal vein occluded (old) 

992 Ligature not pulled out Died Sth day of peritonitis; portal vein occluded 

992 BLigature not pulled out Died 9th day; ligature had partially cut through portal vein, 
small channel still present 


11 10th day Lived 2 days, died of peritonitis; portal vein transected and 
occluded 
Buz. 11th day Lived 13 days, died of peritonitis; portal vein transected 
and occluded 
Wag. 5th day Killed 31 days later; portal vein patent, transverse rugae at 
site of ligature transection 
3 1th day Killed 42 days later; portal vein occluded, ends separated 
42 sth day Killed 41 days later; portal vein occluded, ends separated 
27 10th day Killed 36 days later; portal vein constricted but not occluded 
922 9th day Killed 10 days later; portal vein occluded, ends separated 
952 12th day Killed 30 days later; portal vein patent with transverse rugae 
at site of ligature 
393 10th day Killed 27 days later; portal vein obliterated 


Four dogs (ligature not pulled out), portal vein occluded in three instances. 

Six dogs, portal vein transected, ends of vein separated (complete occlusion) with sur- 
vival. 

Three dogs, portal vein constricted, but patent at site of ligature transection, with sur- 
vival, 
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Fig. 3.—Photograph of necropsy of Dog 230, thirteen days after excision of portal vein. 
Condition prior to necropsy was normal. L, Termination of superior mesenteric vein; S, site 
of portal vein now completely cicatrized; RP, and LP, right and left branches of portal vein, 
respectively. 
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C. After ligature transection of the portal vein, a second laparotomy may 
be performed for excision of a segment of portal vein (Fig 3). Survival is 
possible because of the collateral venous anastomoses that developed at the time 
of gradual portal vein occlusion (or stenosis) by the transection ligature 


(Table III). 


TABLE III. OCCLUSION, THEN EXCISION, OF PORTAL VEIN 


TIME AFTER 


LIGATURE PULLED OUT 


DOG RESECTION OF PORTAL VEIN WAS RESULT 
PERFORMED 

223 — ord day Lived 8 days; died of general peritonitis 

230 14 days Killed 18 days after constricted portal vein 
was resected; absence of portal vein con- 
firmed 

231 10 days Living: condition normal 7144 months after 
operation 

395 10 days Living: condition normal 4 months after oper- 
ation 


The fatality in Dog 223 from general peritonitis was possibly due to the 
fact that resection of the portal vein was carried out only three days after 
the looped ligature had been pulled out of the abdomen. In the two animals 
still surviving there is no evidence of ascites; the subcutaneous veins on the 
abdominal wall are only slightly dilated, and the animals appear to be in good 
condition, 

SUMMARY 


A two-stage procedure is described in dogs for the elective resection of 
the portal vein. At the first operation a linen ligature is passed about the 
vein, not tied, and long ends brought out of the laparotomy wound to be tied 
over the animal’s back. During each of the succeeding days the ligature is 
pulled tightly for several seconds; eventually it is pulled out of the wound 
intact, indicating that it has transected the vein. The latter is thus completely 
divided or is stenosed at the transection site. During the period of constriction 
and transection, a collateral portal circulation develops. At the second lapa- 
rotomy the stenosed or obliterated segment of portal vein may be excised with- 
out untoward effects since the collateral circulation has already developed. 
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BLAST INJURY OF THE LUNG 


PossIBLE EXPLANATION OF MECHANISM IN FataAL CASES 
AN EXPERIMENTAL StTupy* 


Lerrige M. Caruton, Jr., M.D., Richarp A. Rasmussen, M.D., AND 
W. E. Apams, M.D., Cuicago, ILL, 


(From the Department of Surgery of the Unwersity of Chicago) 


HE problem of blast injuries, including involvement of the lung, which has 

been emphasized during the present world-wide conflict, first aroused con- 
siderable interest in the medical profession at the beginning of the recent Spanish 
Civil War. However, the occurrence of lung injuries with an intact thorax was 
described as early as 1761 by Morgagni.! Again during World War I fatal 
casualties with no evidence of external injury were found on the battlefield. In 
the few post-mortem examinations that were made on these bodies, interest was 
centered in the petechial hemorrhages found in the brain and spinal cord. How- 
ever, in work on rabbits subjected to an explosion, Crile? noted hemorrhages 
produced bilaterally in the lungs. Mairet and Durante® also observed pulmonary 
and nervous tissue lesions produced in dogs. In 1924 Hooker* found, while 
working on experimental shock produced by TNT and gun blasts, that bruises 
and occasional rupture of the lungs were the only gross post-mortem lesions 
found in his animals. Interest thus elapsed until the Spanish Civil War, when 
blast injuries became common and were the subject of articles by Haldane® and 
Kretzchmor.® Active investigation of this problem started during the indiserim- 
inate bombing of cities during World War II. 


NATURE OF BLAST 


The term ‘‘blast’’ may be divided into two components: compression wave 
and subsequent suction wave which are set up by the detonation of high explo- 
sives. At a point in the region of the explosion there occurs first a momentary 
wave of high pressure (about .006 second for a seventy-pound charge) which is 
then followed by a negative ‘‘suction’’ wave due to the positive compression 
wave reducing the density of the air behind it to below normal atmospheric 
pressure. The suction component is like the pressure component of the blast 
wave in that it lasts for a fraction of a second. However, it is a far longer 
period than the compression wave (0.03 second for a seventy-pound charge). 
The pressure component of the wave is by far the strongest component of the 
blast. Thus, fifteen feet from a 125 pound charge, the hydrostatic pressure may 
be approximately 200 pounds per square inch. Whereas the suction component 
is much weaker, and in no e¢ase ean it be greater than 125 pounds per square 
inch, since this corresponds to a complete vacuum (Zuckerman) .’ 


THEORIES REGARDING THE EFFECT OF BLAST ON ANIMALS AND HUMAN BEINGS 


Zuckerman, working on the effect of blast on animals, reviewed the three 
following theories used to explain the production of injuries, and rejected the 

This paper was to have been presented at the meeting of the Society of University Sur- 
geons, New York, N. Y., Feb. 8, 1945. (Meeting canceled.) 


*This work was supported in part by a grant from the Douglas Smith Foundation for 
Medical Research of The University of Chicago. 
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first two. First, the lesions are due to the lowering of alveolar pressure by the 
suction waves, acting through the respiratory passages, with the consequent rup- 
ture of alveolar capillaries (suggested by Logan in 1939).* Second, the sudden 
distention of the lung with air through the trachea causes a rupture of the lung 
tissue. Third, the injury is caused by a pressure wave on the chest wall. The 
latter mechanism is advocated by Hooker and Zuckerman. Hooker’s view was 
that it is wholly improbable that lowered pressure could distend the lung suf- 
ficiently to cause rupture. The work of Zuckerman and his associates in 1940 
to 1942 shows good evidence that the last theory most likely explained the cause 
of injury to the lungs, this being based on the following: 

1. ‘‘When animals are exposed sideways and close to a small explosion, the 
lesions are unilateral, and on the side facing the explosion. When placed farther 
from the charge the lesions are bilateral. Presumably shielding occurs close to 
the explosion. 

2. ‘‘The disposition of lesions in the part of the lung relating to the costo- 
mediastinal and phrenicocostal sinuses suggests that they are due to external 
‘blows.’ 

3. ‘‘Lesions oceur in abdominal and other organs as well as in the lungs. 

4. ‘‘Animals exposed to low blast pressures close to a small explosion with 
their trunks clothed in thick sponge rubber suffer less severely than control 
animals. Others exposed near the explosion with only one side of the trunk 
covered in rubber and with the covered side facing the explosion suffer no in- 
jury or only very slight injury to the lungs. When exposed with the uncovered 
side to the explosion they suffer severe damage to the lung of that side, and less 
severe damage to the lung of the opposite side.’’ 

5. Rabbits in both wooden boxes and steel cylinders through which only 
their heads projected were exposed head-on very close to a big charge. Only 
those in wooden boxes where the box collapsed showed evidence of pulmonary 
damage. 

PATHOLOGIC FINDINGS 


In animals subjected to a depth charge (blast) the most important strue- 
tural changes were found in the respiratory system. Williams’ used a total of 
twenty-one animals which were subjected to a depth charge (3820 pounds of 
TNT) suspended at forty-eight feet in water to a depth of ninety feet. These 
animals were distributed from a point directly over the depth charge to as far 
as 300 yards away. Some animals had the chest protected with rubber, while 
in others the abdomen was protected. He found that greater hemorrhages 
occurred in the chest in animals with the chest protected and the abdomen un- 
protected than was the case when the reverse was true. Eleven of the thirteen 
animals located within a radius of forty yards of the depth charge were killed 
immediately. Ten of the eleven had acute interstitial emphysema and three had 
pneumothorax. All thirteen animals showed pulmonary hemorrhages (five severe, 
five moderate, three slight). Cameron and his associates’? thus reported that 
severe hemorrhages may occur without immediate death, whereas other animals 
may be killed at once and not show marked pulmonary lesions. The areas most 
commonly affected by the blast are the anterior borders of the lungs which be- 
come pressed between the ribs of the chest wall and the mediastinum, and the 
inferior borders which become compressed in the costophrenie sinus (Zucker- 
man). Two other common sites are the costal surfaces and mediastinal areas. 














788 SURGERY 


Zuckerman states that the axygos lobe which passes from the root of the right 

lung across the midline behind the heart is commonly involved. Of Zuckerman’s 

animals which died, none revealed evidence of external injuries. The pre- 

dominant lesion was bilateral traumatie hemorrhages in both lungs, varying in 

degree according to the distance of the animal from the explosion. 
MICROSCOPICALLY 

The lesser degree of damage appeared as small zones in which alveoli and 
terminal air passages were filled with blood. The walls of the alveoli were 
often torn and hemorrhages arose from the capillaries of the alveolar walls. In 
severe damage, larger areas were involved. The cause of death could not be 
determined from this study. 

Hadfield and associates! stated that microscopi¢ sections made from human 
autopsies revealed changes similar to those produced by Zuckerman in dogs. 
These consisted of hemorrhages into alveoli, acute vesicular and interstitial 
emphysema, and subpleural bullae. One patient had both mediastinal and sub- 
cutaneous (neck) emphysema. Two had pericardial emphysema. He stated 
that of the ten patients considered to have died from blast injury, the pathologie 
findings were not severe enough to explain the cause of death. 

Wilson’? and others described essentially the same microscopic picture in 
blast cases as that reported by Hadfield. 

In some recent experiments on the production of emphysema by overdis- 
tention of the lung with increased intrabronchial pressure it was noted by 
one of us (R.A.R.) that if the dogs coughed and thus increased the pressure, 
they suddenly died. At autopsies it was noted that air emboli were present in 
the coronary vessels. This finding stimulated the following investigation. 


EXPERIMENTAL METHODS AND PROCEDURES 


Eighteen mongrel dogs were subjected to an increased intrabronchial pres- 
sure. The dogs were divided into two groups: The first group of eight dogs 
was subjected to pressures of from 35 to 50 mm. of mereury for a period of a 
few seconds to fifteen minutes. The second group of ten animals was subjected 
to a ‘‘blast’’ varying from 70 to 110 mm. of mereury. Of the group, two 
animals received a blast of 120 and 240 mm. of mercury, respectively. 

Apparatus.—The apparatus used for Group 1 consisted of a modified wind- 
shield wiper which was attached to an air jet. The wiper was so built that the 
length of the inspiratory period, pressure under which the air was delivered, 
and rate per minute could be easily adjusted (Rasmussen and Adams’*). A 
large rubber tube led from the apparatus to the lower trachea. Inside this tube 
was a smaller rubber tube connecting a mereury manometer with the lower 
trachea. This double rubber tubing was then passed through a tight-fitting 
face mask (and an airway) and down the trachea to a point just above the 
earina. On this mask was an outlet for adjusting intratracheal pressure. 

The apparatus used for Group 2 consisted of the same double rubber tubing, 
airway and face mask, but instead of the wiper apparatus the source of air 
pressure was connected directly to the large tube. The mercury manometer 
served also as a check valve for regulating the amount of intratracheal pressure. 

The experiment was carried out as follows: A dog was given an injection 
of 10 ¢.c. of morphine sulfate (0.15 Gm.) subeutaneously fifteen to thirty min- 


utes before the animal was exposed to the overinflation or ‘‘blast.’’ The animal 
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was then placed in a supine position on the table and a towel was wrapped 
snugly about its abdomen. Under direct vision the air tube was introduced into 
the trachea and a face mask was applied. In Group 1 the air was then turned 
on at a pressure of between 35 to 50 mm. of mereury and delivered at 28 cycles 
per minute. In Group 2 the dogs were subjected to blasts of air varying from 
70 to 110 mm. of mereury (one dog, 120; one dog, 240). 





9 


Pig: 2: Fig. 


Fig. 1 (Dog 98).—Photograph of autopsied specimen of dog following three “blasts” 
of intratracheal air at 80 mm. Hg pressure for two to three seconds. The heart and superior 
mediastinum seen in the center of the picture are almost covered with blebs of air. This ani- 
mal also had coronary air embolism, intrapulmonary hemorrhage, and pneumothorax. 

Fig. 2 (Dog 966).—Photograph of autopsied specimen of dog following a single intra- 
tracheal blast of air at 240 mm. Hg pressure for two to three seconds. The coronary arteries 
contain many air bubbles. 


RESULTS 


In Group 1 the dogs were subjected to overinflation during which coughing 
occurred and thus raised the intrabronchial pressure. After an episode of 
coughing the animals died in a few seconds (see Table 1). Animals in Group 2 
were subjected to blast using apparatus 2. Following the blast these animals 
died within a few seconds to three minutes (see Table IT). 

Post-Mortem Observations. 

Group 1, eight dogs—gross findings: All of the eight animals had medi- 
astinal and interstitial emphysema, while four had subeutaneous emphysema 
and hemorrhages into the lungs. Three of the dogs had developed a pneumo- 
thorax and exhibited air in the pulmonary artery, vein, venae cavae, and right 
auricle. Small bullae were found over the lung in one, and coronary air embolism 


Was present in seven, instances. 
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TABLE I. RESULTS FOLLOWING REPEATED INTRATRACHEAL BLASTS OF AIR OF A KNOWN 











PRESSURE IN EIGHT DoGs 
BLAST RESULTS 
exp, DOG | “he . 2% 282 <5 | REMARKS 
NO. |G7 2 Zo oe ba .fS ¢. &” | 
IBe § Pie pa zm be BE Se : 
a ae a De mae ae ae od 
l 496 15. 28 pe — + = + - Dilation of stomach 
2 682 i 28 35 to 40 + + + Air in pulmonary artery, 
vein, vena cava 
> 683 8 8 5 to 40* + - + + + Air in pulmonary artery, 
vein, vena cava 
1 711 5 28 30° - ! + + + Air in pulmonary artery, 
vein, vena cava 
> 67 7 28 30 to 3d — -- 4 + 
C, 100 
6 6S 15 28 35 to 40 _ - + + Small blebs over lung 
C, 50 
7 118 15 28 30 to 35 } i - : + 
Cc, 50 
8 949 7 28 30 to 50 | - t + + Air in right auricle and 
C, 120 pulmonary vein 


Total a fe 4 8 7 


Cc, cough 

Subq., subcutaneous 
Kmph., emphysema 
Pul., pulmonary 
Hemorr., hemorrhage 
Med., mediastinal 
Int., interstitial 
KEmbol., embolism 
*Coughing 


TABLE IT. RESULTS FOLLOWING SINGLE BLAST OF AIR INTO THE TRACHEA IN TEN DOGS 








BLAST 








RESULTS | 
ohh a | Oe 
a DOG 7 < . at Te oe } os ne 
EXP. NO. 2 - S 4 | B | | < = | REMARKS e 
l¢m5| § Pelssie.(/o" | 
a S Se lise | ae) Se 
Ral & ZEIEE Zz 2 | 
l 3 2 46-3 1 a + - Small blebs over lungs 
2 966 2 to 3 ] 
3 714 2 to 3 l 
2 10 3 4 
2 to 3 2 
2 to 3 l 
2 to 3 l 
2 to 3 1 + t = Dilation of the stomach 
| 25 2 to 3 2 Large blebs over the 
2 to 3 2 lung—one large one 
ruptured 
5 50 2 to 3 2 86 - + t Pneumonectomy pre- 
6 24 2 to 3 2 80 t - = t viously 
7 97 2 to 3 J 70 { - Air in pulmonary vessels, 
right auricle, vena cava 
S 98 2 to 3 3 80 + 5 5 + + + 
9 45 2 to 3 2 80 4 | : + + 
2 to 3 3 85 
2 to 3 2 90 
10 993 2 to 3 1 90 + t + 
Total se | [= ss. vay 


Subq., subcutaneous 




















Exmph., 


emphysema 


Pul., pulmonary 
Hemorr 
Med., 1 
Int., in 
Embol., 


*., hemorrhage 
nediastinal 
terstitial 
embolism 
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Fig. 3 (Dog 949).—Photomicrozgraph of lung following overinflation of the lung at 30 
to 50 mm. Hg. pressure for seven minutes; at the end of this time the animal coughed, which 
momentarily raised the pressure to 120 mm. Hg. Note marked interstitial emphysema _ sur- 
rounding the blood vessels especially near the bronchial passages. The animal presented 
evidence of coronary air embolism as well as air in the right auricle and pulmonary vein. 





Fig. 4 (Dog 683).—Photomicrograph (high power) showing intrapulmonary hemorrhage 
in a dog following overinflation of the lung at 35 to 40 mm. Hg pressure for eight minutes. 
In addition to the intrapulmonary hemorrhage, mediastinal and interstitial emphysema as 
well as coronary air embolism were produced. 
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Group 2, ten dogs—gross findings: All ten animals had developed medias- 
tinal and interstitial emphysema, of which seven had subcutaneous emphysema. 
Nine had bilateral pneumothorax, while eight showed pulmonary hemorrhages 
and coronary air embolism. One of the dogs developed air in the large vessels 
(vena cava and right auricle), one had a dilated stomach, and two presented 
bullae over the lung. 

Microscopic sections revealed intrapulmonary hemorrhages and interstitial 
emphysema, the latter especially marked along the bronchovascular roots. 

From these findings the cause of death in all animals was attributed to 
coronary air embolism and pneumothorax. In Group 1, seven of the dogs had 
air embolism, whereas three had a pneumothorax. In Group 2, coronary air 
embolism was present in eight instances and a pneumothorax in nine. The 
autopsy material presented a picture similar to that reported in patients dying 
immediately from a blast injury in which the cause of death was unexplained. 


DISCUSSION 


According to Wilson there have been four main theories advanced for the 
cause of death due to blast. (1) Death due to pulmonary hemorrhage and inter- 
ference with the respiratory function. Examinations show that this might be 
true in some blast eases. The lung injury, however, is usually not sufficient to 
cause death. (2) Cerebral cause of death. The lesions found in the brain in 
those patients dying immediately or soon thereafter are very indefinite. (3) 
Death due to blast may be cardiae in origin. Wilson has stressed the importance 
of injury to the heart, and that ventricular fibrillation may occur and account 
for death in some cases. (4) Air embolism may be a possible cause of death. 

Zuckerman states that those animals which are immediately killed without 
sign of external injury probably die of an undefined entity known as ‘‘ primary 
shock,’’ resulting from extensive visceral lesions. From reports it is obvious 
that some patients die of pneumothorax following the blast; however, another 
group shows very little to account for death. It seems possible to us that death 
in this latter group might be due to coronary air embolism. In our animal ex- 
periments a very careful search was frequently necessary in order to detect 
air in the coronary vessels. This suggests that the finding could be easily over- 
looked. 

In experimental work, Macklin'* has demonstrated the course taken by the 
air and gases in the production of mediastinal emphysema and other complica- 
tions from overdistention of the lungs by increased intratracheal pressure. He 
believes, as do others, that air breaks through the terminal alveoli and follows 
the course of the vessels in the paravascular sheath of the lungs to the medi- 
astinum and thus into the neck and subcutaneous tissue. From these ruptured 
alveoli it is easy to explain how air can go into the eapillaries of the lung, thus 
forming numerous fistulas. By this means air may pass into the left auricle, 
ventricle, and the coronary arteries. At times air was also found in the pul- 
monary artery and right heart. This was probably due to the backing of air 
into these vessels from the lung. Since the pressure in the pulmonary cireula- 
tion is only 20 to 40 mm. of mereury, air could easily be foreed back through 
the pulmonary artery. 

Upon reviewing the literature a report of experiments by Joannides and 
Tsoulos was found. The effects of increased intratracheal pressure observed 


by these authors were similar to those described. 
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SUMMARY 


The cause of death following increased intrabronchial pressure produced 
by single or multiple blasts of air in eighteen dogs was coronary air embolism 
in fifteen, with pneumothorax as a contributory factor in eight. Pneumothorax 
appeared to be the sole cause of death in the remaining three. Other gross find- 
ings noted in these animals were similar to those reported in human beings 
following blast injury. In some patients dying immediately following a blast 
injury the cause of death has not been adequately explained. Coronary air 
embolism may be very easily overlooked and might well be the cause of death 


in some eases of blast injuries. 
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METABOLIC ALTERATIONS FOLLOWING THERMAL BURNS 


LV. Tue Errect or TREATMENT WitH WHOLE BLOOD AND AN ELECTROLYTE 
SOLUTION OR WitH PLASMA FOLLOWING AN EXPERIMENTAL BURN* 


WituiaMm E. Aspsorr, M.D., FrRtmEpa L. Meyer, Pu.D., Joun W. Hirsurevp, M.D., 
AND GRACE E. GrirriIn, M.A., Derrorr, MICH. 
(From the Department of Surgery, Wayne University College of Medicine and the Detroit 
Receiving Hospital) 


PPROXIMATELY eight years ago plasma was first employed to combat 
A shock resulting from a burn. Since that time it has been widely employed 
but only recently has its value been questioned. Rosenthal! demonstrated a better 
survival rate in burned mice which received a physiologic solution of sodium 
chloride by mouth than in mice with a similar burn given serum intravenously. 
Fox’? advocated the use of a sodium lactate solution orally, and discussed some 
of the inadequacies of plasma. More recently Mover, Coller, Iob, Vaughan, and 
Marty® have felt that defibrinated whole blood and a sodium chloride-bicarbonate 
solution by mouth proved more effective than plasma, or serum, in treating 
severely burned dogs. The opposite view is held by Wolf and Levinson,* who 
have stated ‘‘in eases of shock with definite hemoconeentration (trauma with 
minimal hemorrhage, burns), serum or plasma is superior to whole blood trans- 
fusions. In hypoproteinemia serum or plasma is ideal.’’ However, we have 
noted that in many instances hemoconcentration occurs in burned patients who 
were treated with large and adequate amounts of plasma. It is true that the 
blood might have become more concentrated if plasma had not been given; how- 
ever, hemoconcentration in the burned patients treated with whole blood and 
oral salt solution simultaneously has not been more severe than in those who were 
treated with plasma, unless the salt solution was temporarily withheld or was 
not absorbed. It has also been frequently observed that the plasma protein 
concentration decreases} in severe cases in spite of the administration of plasma 
in amounts which (by any of the commonly employed methods of governing this 
type of therapy) have been considered adequate. 

In a previous publication’ the alterations in the plasma volume, hematocrit, 
total circulating plasma protein, and albumin during the convalescent phase in 
burned animals were presented. Following the completion of this work it 
seemed desirable to determine the effect of treatment with plasma or with whole 
blood and a salt solution orally on these aforementioned blood studies (plasma 
volume, hematocrit, red blood cell mass, total circulating plasma protein, and 
albumin). The studies were undertaken in the hope of further clarifying the 
metabolism of salt and water in burned animals and to determine whether or not 
the anemia which occurs during the convalescent phase could be prevented. 


METHODS 


Normal healthy male dogs who had been given a vermifuge were placed on 
a previously described diet® for at least one week prior to the control studies 


. This paper was to have been presented at the meeting of the Society of University 
Surgeons, New York, N. Y., Feb. 8, 1945. (Meeting canceled.) 

*The work described in this paper was done, in part, under a contract recommended by 
the Committee on Medical Research, between the Office of Scientific Research and Development 
and Wayne University. It was supported in part by grants from the Theodore A. McGraw 
Fund for Surgical Research and from Frederick Stearns and Company. 

Unpublished data. 
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and burning. During the control and postburn period the intake of food and 
liquid was measured and the daily output of urine was recorded. The method 
of producing a relatively standardized burn involving 20 per cent of the body 
has been previously described.” This method was again employed but in order 
to determine the effect of a more severe burn, several dogs were studied who 
received deep third degree burns involving approximately 40 per cent of their 
body surface area. The animals were given sodium pentobarbital intravenously 
(0.064 Gm. per five pounds of body weight) and then were burned by placing 
them on their side for thirty seconds in a large pan containing water which had 
been heated to 85° C. No further anesthesia or sedatives were employed. The 
temperature of the water fell 2 to 3 degrees during the period of immersion. 


‘ 


The method of determining the plasma and ‘‘available (thiocyanate) fluid’’ 
volume,* hematocrit, plasma protein, and albumin concentrations and for caleu- 
lating the blood volume and total circulating plasma protein and albumin have 
heen previously described.’ We are aware of the fact that several investigators® § 
have shown that the true blood volume and hence the red cell mass may not 
be calculated from the plasma volume and the hematocrit, but the relationship 
of the cells to plasma should be fairly constant in these experiments and it was 
felt that because of this the per cent change of the red blood cell mass would be 
of some significance. The electrolyte solutiont which was given orally contained 
the following constituents per liter of distilled water: 6.10 Gm. sodium chloride, 
0.20 Gm. ealeium chloride, 0.20 Gm. potassium chloride, 0.07 Gm. sodium phos- 
phate (monobasic), 0.05 Gm. magnesium chloride, 2.38 Gm. sodium bicarbonate, 
and 2.0 Gm. dextrose. Since it has been advoeated® that an amount of sodium 
chloride-bicarbonate solution equal to 10 per cent of the body weight be given 
during the first twenty-four hours and a quantity equal to 5 per cent of the 
hody weight during the second twenty-four hours after burning, this solution 
was employed in a like manner. The animals were transfused with either 
citrated plasma given slowly and in divided doses so no reactions would be en- 
countered, or with defibrinated whole blood. When plasma was given it was 
decided to employ an amount similar to that advocated by the National Research 
Council, that is, 50 to 100 ¢.c. of plasma for every per cent of the body surface 
area burned, after adjusting it for the difference in weight between man and 
animal. The following formula was employed to caleulate the total amount of 
plasma to be administered: 


Weight of animal 


Weight of adult male (150 II per cent of body burned x 75 ee. = «ec. of 
eight oF aau ale 7) Re 


plasma to be given. 


When defibrinated whole blood was used, the animal was given an amount equal 
to about 3 per cent of the body weight within two to four hours after burning 
and an amount equal to 2 per cent of the body weight sixteen to twenty hours 
after burning. No therapy, either oral or intravenous, was given until one 
and one-half hours after the burn. The animals, which were still anesthetized, 
were then given one-fourth to one-third of their daily fluid intake by stomach 
tube and shortly thereafter received the initial plasma or defibrinated whole 

*The dye, T-1824, and the 5 per cent sodium thiocyanate solutions employed were kindly 
prepared in ampules furnished by the Kimble Glass Company, by members of the College of 
Pharmacy of Wayne University. 

It was thought advisable to employ a salt solution which had an electrolyte concen- 
tration somewhat similar to that of plasma with the exception that the amount of potassium 
chloride was decreased since the plasma potassium concentration is known to increase follow- 


ing a burn. This solution was kindly prepared for us in sterile ampules by Sharp & Dohme 
Inc. 
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blood transfusion. Two animals were transfused with red cells obtained from 
fresh blood drawn from suitable donor dogs. After the blood was centrifuged 
and the plasma removed, the red cells were given immediately without the addi- 
tion of any diluent. 

RESULTS 

The food intake of the control animals and of those which received specific 
shock therapy remained constant both before and after burning in almost every 
instance. However, soon after burning, all of the animals spontaneously doubled 
or tripled their fluid intake. The urine output was often reduced or normal on 
the first day but subsequently rose to two or three times the amount exereted 
during the control period and, like the fluid intake, approached normal in about 
fifteen days. The type of therapy emploved did not seem to alter the food and 
fluid intake or the urine excretion in the different groups studied. 

The alterations in the previously presented series’? showed that nontreated 
burned animals during the postshock phase had a fairly marked and persistent 
elevation in their plasma volumes, increases in the total circulating plasma 
proteins, and a moderate anemia. These changes persisted for at least one 
month. 

It was also observed that, after an initial rise, the total circulating plasma 
albumin decreased and that the magnitude of the plasma volume was not de- 
pendent on the plasma protein or albumin concentration. 

In the control animals, four days after burning, the average weight loss 
was 4+ per cent below the control level, at nine days it was 10 per cent, at 
thirteen days, 12.5 per cent, and at twenty days, 15 per cent below the control 
figure. 

The results in the animals treated during the shoek phase with plasma are 
presented in Table I. The alterations noted in these dogs were not unlike those 
seen in the control animals with the possible exception that the plasma volume 
was slightly higher. Dog 57 first refused food and water on the fifth day, lost 
weight rapidly, and on the ninth day appeared to have distemper. Since 
other animals had been studied which refused food and water, vomited, or 
had diarrhea, it was felt that the response of this dog, while not typical of 
burns alone, was of interest. As in one of the control animals with diarrhea, 
this dog showed a rapid diminution in the body weight and plasma volume. 
By the ninth day, the animal’s condition was so serious that it was sacrificed. 
Dog 61 showed a marked increase in body weight on the fourth day, which 
was due to retention of water. The inerease in body weight was almost equiv- 
alent to the inerease in the ‘‘available (thiocyanate) fluid’’ volume. 

The results of treatment with whole blood intravenously and with salt 
solution by mouth are presented in Table II. In these animals the hematoerit 
remained at normal levels throughout and the marked decrease in the red blood 
cell mass seen in the control and plasma treated dogs did not occur. The per 
cent change in the red cell mass showed an increase above the control value 
followed by a gradual fall to near normal by the twentieth day. No constant 
findings were noted in the plasma volume determinations in these animals and 
the changes which occurred in the total circulating plasma protein and albumin 
were not unlike the findings encountered in the control animals. Dog 60 and, 
to a lesser degree, Dog 59 showed a marked increase in weight, which was due 
to the accumulation of large amounts of fluid in the burned areas and to a 
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lesser extent in the nonburned areas. These two animals were apparently given 
too much salt solution. They received amounts equaling about 2144 per cent 
of their body weight on the third and fourth days besides the initial two days 
of therapy. This increase in weight again can, in a large part, be aceounted 
for by the increase in the extracelluar fluid compartment, as shown roughly 
by the thiocyanate determination. In Dog 60, treatment was started in the 
usual fashion about one and one-half hours after burning; he received a whole 
blood transfusion (490 ¢.c.) and a relatively small amount of the electrolyte 
solution by stomach tube. No further therapy was given nor water permitted 
until twenty hours after the burn. The hematocrit at this time had risen from 
a control value of 53 to 73 and the animal had obviously had insufficient amounts 
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Fig. 1.—Response of the hematocrit in burned patients treated with whole blood or plasma. 


of the salt solution. When he was permitted to drink this solution, even though 
more whole blood (330 ¢.c.) was then administered, the hematocrit soon fell to 
the control level. 

In Table III the results are presented on two animals which after burning 
showed the usual increase in the plasma volume and fall in the hematocrit and 
in the red cell mass. Following the studies on the eighth day, each animal was 
given a fresh red cell transfusion every other day for three times, making a 
total of 285 e.e. of red cells, which was more than adequate to correct their 
deficit. The plasma was purposely omitted because of an already existing 
increase in plasma volume. Approximately sixteen hours after the last trans- 
fusion was completed, the plasma volumes showed a very slight decrease from 
the previous level and there was marked increase in the red cell mass. Sub- 
sequent studies showed that the anemia recurred quite rapidly and by twenty- 
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two days was as severe as that exhibited by the nontreated control animals in 
twenty days. When the anemia was recurring, the plasma volume continued 
to decrease toward the normal value. 

Since the healing of the wounds in the various groups was not significantly 
altered from the control series and since the number of animals studied was 
small, it was not possible to say that any one form of therapy was preferable 
in regard to healing. 

The hematoerit alterations that occurred in eight human beings over a 
period of twenty days following their burns are presented in Fig. 1 (ehart 
and table). The extent of the burn and the type and amount of therapy are 
deseribed. It should be noted that the patients who received plasma showed 
a greater decrease in the hematocrit than the patients who received whole blood 
and a salt solution orally. Patients F. H. and A. T. died on the eighth and 
thirteenth day, respectively, following their burns. The plasma protein con- 
centration in the cases presented decreased to a greater or lesser extent, and 
there was no evidence to show that the administration of plasma aided in main- 
taining a normal protein or albumin concentration. The hematocrit in patient 
M. ID. decreased after twenty-five days. At this time she had a fairly large 
area of third degree burn which was still not healed. Beeause she had rheu- 
matic heart disease and had been decompensated several times, she was given 
only 1,500 ¢«. of blood (an amount equal to 3 per cent of her body weight). 


DISCUSSION 


The most striking difference in the late effect of the two types of therapy 
pertains to the hematocrit and the circulating red cell mass. Both the untreated 
control animals and those which received plasma exhibited a marked decrease 
in the circulating red cells which varied from minus 12 to minus 27 per cent 
in the control animals and from minus 13 to minus 32 per cent in the plasma- 
treated group on the ninth day after burning. This fall did not occur in the 
animals which received whole blood transfusions. 

The cause of the anemia seen during the convalescence from burns is not 
entirely understood, but it does seem apparent that numerous factors play a 
part. Hemolysis of red cells often occurs at the time of the burn due to the 
intense heat and may be evident when a sample of blood is drawn several hours 
later. Subsequently, the slight rise in the icterus index and the presence of 
increased amounts of blood pigments in the urine verify the previous destrue- 
tion of red blood cells. Ham® has shown that the congestion of both the larger 
and smaller blood vessels, together with the small hemorrhages that are com- 
monly observed, account for the loss of whole blood from the active circulation. 
The present studies show that the increase in the plasma volume causes a 
dilution in the red eells. (Calculations reveal that the hematocrit would 
read from 1 to 8 points higher if the plasma volume had remained at the 
control value.) Harkins'’ has suggested that the anemia may be due to one 
or more of the following factors: ‘‘(a) Reabsorption of fluid, (b) primary 
destruction and increased fragility, (¢) continued destruction of red blood cells 
and slowing of their formation due to sepsis, bleeding from granulating sur- 
faces and malnutrition.’” Regardless of the cause, it appears at present that 
whole blood transfusions given during the first twenty-four hours to burned 
patients and animals afford the most satisfactory means of preventing the 


anemia. It is important that the transfusion of whole blood be given at this 


























ABBOTT ET AL.: METABOLIC ALTERATIONS AFTER THERMAL BURNS 801 


time, for if the anemia is permitted to occur, subsequent transfusions are rela- 
tively less effective. (This has been noted in patients, and seems evident from 
the results on Does 15 and 16.) 

Since it has been stated’! that in the presence of some types of anemia 
there is a rise in the plasma volume, it was felt possible that the increase ob- 
served might be an attempt by the body to compensate for the diminished red 
cell mass. Because there was not a dramatic change noted in the plasma 
volume when the red blood cell mass was increased by transfusing red blood 
cells, and since the plasma volume continued to fall when the anemia recurred, 
the afore-mentioned theory does not seem to explain the plasma volume altera- 
tions which were found in these experiments. 

While the animals treated with plasma exhibited a slightly larger increase 
in their plasma volumes than did the control animals, the number studied was 
not sufficient to prove this point. Since the magnitude of the plasma volume 
is not dependent solely on the amount of protein present, but rather, as has 
been previously stated,° on numerous other factors, we feel that the various 
changes encountered are not dependent alone upon the type of therapy em- 
ployed but upon the following factors: (1) The extent and depth of the burn, 
(2) the time of instituting therapy, (3) the size of the treated subject, and 
the extent and consistency of the therapy, (4) the individual function of the 
eardiovascular system and kidneys, and (5) the time of obtaining studies 
after the injury. 

It is also of interest that in some of the animals which were treated with 
plasma during the shock phase, the decrease in the total cireulating albumin 
Was as great or greater than in the control group. Thus, the giving of plasma 
did not apparently sustain a normal amount of circulating albumin. 

Further studies (chloride, COs, sodium, and in some eases tissue analysis) 
were done on some of these animals and on others not included in this paper. 
These analyses are not complete and will be reported later, but from the in- 
formation obtained thus far an attempt will be made to clarify the alterations 
in the water and salt metabolism that are noted in the burned patient. 

Selve’? has stated that during the postshock or ‘‘countershock’’ phase 
following a burn (or after other injuries where the ‘‘alarm reaction’’ occurs) 
there is a retention of water and salts due to an inereased activity of the adrenal 
gland. From unpublished data we have noted an elevation in the cortin out- 
put in the urine of burned patients, and in severely burned patients and animals 
a retention of water and salts has been observed.'’* ™ It is also evident from 
our work that the convalescent period of burned animals and patients resembles 
in many respects the course followed by normal animals treated with desoxy- 
corticosterone acetate by Loeb’ (large water intake, with an increased urine 
volume but with water retention). 

Lyons, Jacobson, and Avery'® have recently pointed out that the admin- 
istration of various sodium salts for two days to normal subjects will cause an 
increase in the plasma volume. In their experiments the plasma protein con- 
centration fell only slightly and, although such was not reported, an increase 
in the amount of the total circulating plasma protein occurred. Thus, from 
our work® and that of others,’ 7° it is apparent that a normal or fairly 
well-nourished individual who has an inerease in the amount of water and 
salts in the extracellular fluid compartments will mobilize plasma protein 
and maintain a relatively normal protein concentration, thereby showing a 
marked increase in the total circulating plasma protein. Thus, in some post- 
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operative cases, and in burned patients, the low protein concentration eneoun- 
tered may occur not because of a decreased amount of circulating plasma pro- 
tein but because of an insufficient amount of available plasma protein (depleted 
protein reserves) or an excessive retention of water. (The increase in plasma 
water is greater than the increase in the total circulating plasma protein with 
a resulting dilution and fall in the plasma protein concentration. If a good 
diuresis occurs many of the patients studied have shown a definite and fairly 
rapid rise in their plasma protein concentration. ) 

Peters and Van Slyke" have held the same view and state that the protein 
concentration may be affected either by changing the total amount of circulating 
protein in the body or by changing the plasma volume so that the proteins 
are diluted or concentrated. 

It has been suggested'*® that sodium chloride should be administered to the 
burned patient during the convalescent phase, especially if the plasma elec- 
trolyte levels show a decrease below the normal coneentration. If excessive 
amounts of salts are lost from the wound, or are lost due to vomiting or diar- 
rhea, such therapy would be indicated, but if the patient is given plasma, 
whole blood, or an oral salt solution in adequate amounts during the first several 
days and does not have large losses, he should have a sufficient amount of the 
necessary electrolytes to more than replace these deficits. 

In many burned patients during the convalescent phase the fall in the 
blood electrolyte concentration (chloride and sodium) is again due to a greater 
retention of water than of salts. Many of the animals studied have shown an 
increase in their extracellular fluid volumes and a low plasma chloride con- 
centration. Such levels may not be corrected by the administration of an 
isotonic or hypotonic salt solution, but rather they would return to normal if 
the excess water was removed. (This might be accomplished by withholding 
water temporarily and administering a hypertonic salt solution or by giving 
a concentrated plasma or albumin solution. The use of suitable diuretics may 
also be of value.) 

The low plasma chloride concentrations encountered in intestinal obstrue- 
tion'’® and other similar disorders are, of course, due to an actual decrease in 
extracellular salts; on the other hand, the low levels encountered in burns and 
in many patients with malnutrition edema are usually due to a greater retention 
of water than salts. The patient in the first type of ease, when given a physio- 
logie solution of sodium chloride, would show a fairly rapid return to the normal 
plasma concentrations of chloride and sodium, while the latter group of patients 
would show an increase in the extracellular fluid volume, but very little alteration 
in their blood concentrations. We do not wish to leave the impression that salt 
deficiencies may not occasionally occur in such patients during the convalescent 
phase, but rather to emphasize the fact that a low plasma sodium or chloride 
concentration can be encountered when the body has excessive amounts of these 
elements and that therapy should not be guided solely by such values. 

It has been pointed out?’-** that when low concentrations of sodium are 
encountered in the extracellular fluid there is an intracellular shift of water 
with resulting cellular edema. It has also been shown* ** that when excessive 
amounts of water are given to even mildly burned animals a marked fall in the 
plasma chloride concentration occurs, and water intoxication and death may 
result. Since the symptoms of water intoxication (rising temperature and pulse, 
mental confusion, coma, ete.) as described by Trusler, Egbert, and Williams?* 
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are fairly frequently encountered in fatally burned patients, it seems as though 
a state of overhydration should be guarded against during the postshock period. 

In Dog 60 and in one patient treated with whole blood and the salt solution 
by mouth, the hematocrits rose to 73 and 76, respectively; however, in both 
instances there was an inadequate amount of salt solution given initially. The 
clinical course in the afore-mentioned animal and patient in whom treatment 
was unavoidably delayed was significant. The animal showed the most pro- 
found edema of any one studied, before being sacrificed, and the patient who 
had a very extensive third degree burn succumbed after seven days. 

Green and Bergeron** have felt that in tourniquet shock some toxie sub- 
stance apparently accumulates which ultimately causes death. Because of the 
local loss of fluid into the traumatized area and hence a reduction in the blood 
volume, he believes that the kidneys are unable to eliminate this substance. In 
his eross-transfusion experiments, when a normal blood volume and urine ex- 
cretion were maintained in the control animal, no ill effects were noted in the 
control group, but in similar control animals when the ureters were ligated, 
death of the control animal occurred quite promptly. This would appear to 
indicate that the fluid lost and the presence of a toxie substance were of great 
importance. If such is the case in burned patients, it would seem that an early 
restoration of the blood volume and urine flow were of the utmost importance. 
Since an adequate blood volume and urine flow can be obtained* ? by employing 
adequate amounts of a suitable electrolyte solution, and since the plasma protein 
and albumin concentrations are often not maintained by plasma transfusions 
except possibly during the period of shock, it seems that such a salt solution 
may prove to be of even greater value than plasma in the treatment of burned 
patients. 

In other forms of experimental shock,?* *° salt solutions in large amounts 
have proved to be of value. It also has been noted that the plasma protein con- 
centration falls during this form of therapy but apparently this fall did not 
impair the chance of survival. The use of concentrated albumin during the 
convalescent period when the total circulating albumin is low and the body 
water is increased may prove desirable. 

Since whole blood in adequate amounts seems to prevent the anemia which 
is usually encountered from occurring it would seem wise to administer it in con- 
junction with the electrolyte solution, in preference to plasma. In second degree 
burns, where the loss of red cells is not great, smaller quantities of whole blood 
should be adequate, and in patients with a large third degree burn subsequent 
small transfusion may be indicated. 

CONCLUSIONS 

1. By giving whole blood intravenously (amounts equaling up to 5 per cent 
of the body weight) during the shock phase, the anemia that is encountered dur- 
ing the convalescent period of burned animals or patients has been ameliorated 
or prevented. 

2. When a salt solution is given by mouth with whole blood intravenously 
during the shock phase following a burn, undue hemoconcentration is not en- 
countered and recovery is satisfactory. 

3. Inasmuch as burned animals and patients usually show a marked re- 
tention of water during the postshock period, the fall in the plasma protein, 


*Unpublished data. 
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chloride, and sodium concentrations often does not indicate a deficiency of these 


elements but rather a dilution of them. The decrease noted in the plasma 
albumin concentration is due not only to dilution but also to an actual decrease 
as shown by the fall in the total circulating plasma albumin. 
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THE ROLE OF INFECTION IN SHOCK PRODUCED BY 
MUSCLE INJURY* 
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KATHRYN YACKEL, B.S., RocHEsTER, N. Y. 





(From The Departments of Surgery and of Medicine of the University of Rochester 
School of Medicine and Dentistry and Strong Memorial Hospital) 


. HK problem of traumatic shock was first studied intensively during World 

War I, and the investigations of that period resulted in a ¢larifieation of 

many of its physiologic aspects. These results were summarized in special 

reports from England,’ * and in Cannon’s* well-known monograph entitled 

. Traumatic Shock. It was believed at that time that the decrease in circulating 

\ blood volume was in part a result of toxins elaborated from damaged tissue, 

which resulted in fluid loss by causing generalized capillary damage. The loss 

of blood and plasma at the site of injury was not considered adequate to ex- 

plain the peripheral circulatory failure. The experiments of Blalock* and of 

Parsons and Phemister® challenged the traumatic toxemia theory and indicated 

that the local loss of fluid at the site of injury could account for the depletion 

of the blood volume. Shock research since that time has been primarily 

concerned with these two mechanisms, but the presence or absence of a 

traumatie toxin remains unsettled. All agree that the local fluid loss is of 

utmost importance in the initiation of the shoek syndrome, but experimental 

and clinical evidence supporting the toxic theory is not completely convincing, 
nor has it been disproved. 

Recent work has stressed the importance of infection and the role of bae- 
terial toxins in the pathogenesis of experimental shock. Aub and eo-workers® 7 
produced shock by muscle tourniquet and found that the sheath fluid resulting 
; produced shock in nine out of thirty-two recipient animals when it was injected 
intravenously. Clostridium perfringens was found in 70 per cent of the trau- 
matized animals, and the toxie fluids were among the most heavily infected. 
When elostridia were injected into the traumatized muscle, one-half the usual 
amounts of the resulting fluid produced shock, and the intramuseular injection 
of Cl. perfringens toxin produced local edema followed by a shocklike condi- 
tion. Although Fine and associates* have presented six reasons why they 
do not feel that clostridial toxins are necessarily of etiologic significance in 
tourniquet shock, it does seem reasonable to assume that bacterial toxins do 
have at least a secondary effect in Aub’s experiments. The initial factor of local 
fluid loss is, however, of primary importance, since bleeding normal dogs a 
comparable amount produced shock in one-third of the animals. 

The experiments of Prinzmetal and co-workers® also emphasize the im- 
portance of bacterial contamination of traumatized tissue in the genesis of 
shock. Quadriceps muscle was removed from the dog’s leg under aseptic pre- 
‘autions and replaced, with a shocklike condition resulting in twenty-four 
hours and death in two to three days. The muscle was always found grossly 
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infected at autopsy, while in other experiments the animals survived with 
the oral administration of sulfamerazine. The long survival time and the rela- 
tively delayed appearance of shock in this type of experiment differentiates it 
from the more acute process which occurs following muscle crushing (Blalock??) 
in the experimental animal, and from the usual type of clinical traumatic shock. 
It more closely resembles the situation of a grossly contaminated wound which 
has not had early treatment than the peripheral circulatory failure occurring 
soon after trauma. 

Bacteria of various types commonly occur as inhabitants of normal animal 
muscle, and Reith" found 84 per cent positive cultures in the muscles of living 
hogs, rabbits, and guinea pigs. Gram-positive gas-forming anaerobes are fre- 
quently found in dogs’ muscle, but it is difficult to rule out the possibility of 
skin contamination during the biopsy. The dogs’ liver usually contains clostri- 
dia, and death from the intraperitoneal transplantation of pieces of liver,” 
as well as from bile peritonitis,’* can be partially explained on the basis of 
bacterial infection. It is improbable that clostridia are normal inhabitants of 
human muscle, but they have been demonstrated in the liver,’* and are usually 
present in the intestinal tract. The almost universal contamination of trau- 
matic wounds, especially war wounds, and the high percentage of clostridial 
contamination makes it necessary to investigate the role of infection in the 
early phase of shock. The results to be reported indicate that an experimental 
wound (muscle erushing) may be grossly contaminated with Staphylococcus 
aureus and the shock picture is not altered; contamination with Streptococcus 
hemolyticus and with Clostridium welchii shortens the survival period and alters 
the shock mechanism. 


METHODS 


Dogs obtained from animal house stock were used in all the experiments, 
and shock was produced with the Blalock crusher applied to the thigh for five 
hours at 1,500 pounds pressure, using intravenous nembutal anesthesia. There 
were five groups of experiments, each including ten or more animals: 

1. Control series with the crusher and no infection. 
2. Crusher plus infection. Cultures of bacteria were injected into 

the thigh muscles before application of the crusher as follows: 

(a) 1 ee. eighteen-hour broth culture of Staph. aureus just 
before application. 

(b) 1 ee. eighteen-hour broth culture of Staph. aureus eighteen 
hours before application. 

(ce) 1 ee. eighteen-hour broth culture of Str. hemolyticus just 
before application. 

(d) 1 e@e. eighteen-hour broth culture of Cl. welchi just be- 
fore application. 

kollowing removal of the crusher the animals were observed until death. 
Arterial blood pressure readings were obtained by direct femoral artery pune- 
ture using a mercury manometer, or by means of a earotid artery cannula. In 
earlier experiments difficulty with contaminated citrate had been encountered, 
therefore the continuous recording with an arterial cannula has been discarded 
in favor of repeated arterial puncture. This method is, perhaps, not as accurate, 
but it obviates the possibility of arterial contamination and the possible effect 


on the survival time of ligating a carotid artery. Blood volume determinations 
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were made before application of the crusher and shortly before death of the 
animal, using the blue dye T-1824 and the spectrophotometer. Blood samples 
were obtained by arterial puncture to prevent stasis. Plasma proteins were 
determined by the micro-Kjeldahl method. 

Repeated aerobic and anaerobie blood cultures were taken throughout the 
experiment; the liver and traumatized muscle of the thigh were cultured im- 
mediately after death. Citrated blood, 1 ¢.¢., was used to make pour plates for 
aerobie cultures. Anaerobic cultures were made by inoculating both thioglycolie 
media and deep meat tubes. A portion of liver and thigh muscle 1 em. in 
diameter was removed under aseptic precautions for aerobic and anaerobie study. 


OBSERVATIONS 


A series of normal animals were infected with the same strains of Staph. 
aureus and Str. hemolyticus by injecting eighteen-hour broth cultures into the 
thigh mus¢les and were studied as controls. None of these infeeted animals 
died. The animals infected with staphylococcus developed abscesses of the 
thigh, associated with fever and leucocytosis, which localized and ruptured 
spontaneously. The animals infected with streptococcus developed a diffuse 
cellulitis of the thigh, had fever and leucoeytosis, and appeared quite ill for 
four to five days. The infection usually subsided without localization and the 
animals appeared normal in six to ten days. The blood and plasma volumes 
were followed daily, and they did not show the characteristic changes of shock. 
The blood pressure remained normal and the blood cultures were negative. 

The eighteen-hour Douglas broth deep meat cultures of Cl. welch were 
obtained from Dr. Andrew Dowdy, and the control observations are taken 
from his experience.” When 1 e.c. of the unfiltered culture is injected 
into the thigh muscles of a dog, signs of toxicity may develop within three 
hours, and the leg becomes edematous. General toxicity is marked within six 
hours, the leg is very edematous, the skin has a bluish-black appearance, and 
there is a serosanguineous ooze from the skin. Of the control animals, 48 per 
cent died within twenty-four hours and 12 per cent ultimately survived. <A 
small percentage of the animals died within less than twelve hours. 

The typical blood pressure curves of three types of experiments are shown 
in Fig. 1. There was always a rapid decline in the arterial pressure within 
one-half hour following removal of the crusher. In the control group there 
was usually a secondary rise which varied in degree, and in general there was 
a greater fluctuation in the blood pressure of this group than in the infected 
animals. The infeeted animals occasionally had a slight transitory secondary 
rise, but in most instances the sharp initial decline in blood pressure was fol- 
lowed by a progressive but more gradual fall until death. The swelling of the 
thigh developed much more rapidly and was much more extensive in the in- 
fected animals than in the controls. The rapidity of swelling in the Cl. welchu 
eroup was startling: within thirty minutes following the removal of the 
erusher the thigh and adjacent tissues were tremendously edematous. 

Survival.—The average survival time following removal of the crusher in 
twenty control animals was seven hours and twenty-five minutes (Table I). 
The longest survival time was nine hours and thirty-five minutes, and the 
shortest was three hours and fifteen minutes. The survival of the animals 
inoculated with Staph. aureus just prior to application of the crusher was 
approximately the same as the control series. The dogs inoculated with Staph. 
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aureus eighteen hours before crushing survived even longer: an average of 
nine hours, compared with seven hours and forty-five minutes. The average 
survival time of ten animals inoculated with Str. hemolyticus was_ five 
hours and forty minutes; the longest survival was seven hours and _ fifty-five 
minutes. The Cl. welchu series (ten experiments) had the shortest survival 
period, which averaged only four hours and thirty minutes, with a minimum 
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Fig. 1.—Shock produced by crusher arterial pressure. 
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Fig. 2.—Specific gravity of whole blood. 
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TABLE I. SURVIVAL TIME; SHOCK PRODUCED BY CRUSHING PLUS INFECTION 


AVERAGE SHORTEST LONGEST 


Hk. HR. HR. 

Control crush i bre 20° min. 3 hr. 15 min. 9 hr. 35 min. 
Simultaneous crush and 

Staph. aureus 7 hr. 45 min. 5 hr. 05 min. 10 hr. 30 min. 
Staph. aureus 18 lr. before 

crush 9 hr. 4 hr. 30 min. 13 hr. 
Simultaneous crush and 

Str. hemolyticus 5 hr. 40 min. 3 hr. 15 min. 7 hr. 55 niin. 
Simultaneous crush and 

Cl. welchii { hr. 30 min. 2 hr. 55 min. { hr. 15 mim. 


survival of two hours and fifty-five minutes, and a maximum of seven hours and 
fifteen minutes. 

A comparison of blood changes in the control, streptococcus, and Cl. welchii 
groups of experiments is shown graphically in Figs. 2 to 4. The figures repre- 
sent average figures for each series. 

Hematocrit.—The hematocrit in these three types of experiments followed 
similar trends. It remained quite constant while the crusher was in place, but 
increased rapidly following its removal. The average total increase in hemato- 
crit in the control series was 23.6 per cent, in the streptococcus series 28.1 per 
cent, and in the Cl. welchu, 27.0 per cent (Table II). 

TABLE II. INCREASE IN HEMATOCRIT, WHOLE BLOOD SPECIFIC GRAVITY, AND CONCENTRATION 


OF CIRCULATING PLASMA PROTEIN 

















7 Tee , cae SP. GR. OF CONC. OF CIRC. 
— — _ WHOLE BLOOD TOTAL PROTEIN 
Uo) (GM. ) (GM. PER 100 C.c.) 
Control crush (20 dogs) 23.6 0.015 0.32 
Crush plus Str. (10 dogs) 28.1 0.014 0.53 
Crush plus Cl. welechii (10 dogs) 27.0 0.013 0.44 








Specific gravity of whole blood (Kig. 2), followed the same pattern in 
the three groups, but the control animals showed the greatest total change. The 
whole blood specific gravity of the control animals and animals infeeted with 
streptococcus continued increasing after the sharp initial rise, while that of the 
Cl. welchii group tended to remain constant after the first two hours. 

The white blood cell count (Fig. 3) increased while the crusher was in 
place, and decreased during the first hour after removal. A secondary increase 
then occurred which was maintained until death in the control group, but a 
secondary fall characterized the infected animals. 

The circulating plasma protein concentration (Fig. 4+) increased during 
the application of the crusher and during the first hour after removal. It 
remained comparatively level in the infected animals, but tended to decrease 
in the controls before death, and did not return to the normal level. The 
ereatest concentration occurred in the streptococcus series. 

The decrease of plasma volume and total circulating protein was parallel 
in the three groups, but there were definite variations in the total amount and 
in the rate of loss. The control animals (Table III) lost 35.4 ¢.¢. of plasma 
per kilogram and 1.87 Gm. of protein per kilogram. The animals infected with 
streptococcus had a plasma loss of 26.6 ¢.c. per kilogram, and the Cl. welchu 
group 27.1 ¢.c. per kilogram, significantly less than the controls. The rate of 
plasma loss was about the same in the controls and the animals infected with 
streptococcus: 4.8 ¢.c. per kilogram per hour, and 4.7 ¢.c. per kilogram per 
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TABLE III. PLASMA LOSS IN CONTROL SIlOCK COMPARED WITH INFECTION PLUS CRUSH 


PLASMA CIRC, PROTEIN AVERAGE PLASMA 


LOSS LOSS LOSS PER HR. SURVIVAL 
(C.C. PER KG. ) (GM. PER KG, ) (C.C. PER KG, ) 
Control (20 dogs) 30.4 187 ©5=——-« 48 7 hr. 25 min. 
Crush plus Str. 
(10 dogs) 26.6 1.41 1.7 5 hr. 40 min. 
Crush plus Cl. welchii 
(10 dogs) 27. oO] 6.0 t hr. 30 min. 








hour, respectively. The animals inoculated with Cl. welchii lost plasma at a 
more rapid rate: 6.0 ¢.¢. per kilogram per hour. 

The fluid loss (Table IV) in the traumatized extremity was measured in 
three series of experiments by comparing the weights of the normal and of the 
traumatized hindquarters. The blood volume decrease in the controls aver- 
aged 34.5 per cent of the normal volume, and approximately 27.8 per cent 
of the normal was recovered in the traumatized extremity. In the two groups 
of animals infected with staphylococcus, more fluid could be accounted for in the 
extremity than the measured loss of blood volume. These measurements, how- 
ever, include the edema fluid present as the result of infeetion. The blood 
volume decrease in shock produced by the crusher compares closely to the 
amount of blood removed by repeated hemorrhage, which caused death in 
approximately the same time. The average blood loss whieh produced death 
from hemorrhagie shock in five to seven hours was 37 per cent of the circulating 
blood volume. 

TABLE IV. SHocK PRODUCED BY BLALOCK CRUSHER 


ee —— —_—— — - — x 








TOTAL 
BLOOD VOLUME BLOOD VOLUME 
LOSS IN SHOCK RECOVERED IN 
(%) CRUSHED EXTREMITY 
(%) 
Control 34.5 27.8 
Simultaneous infection 
plus crush 32.9 35.0 
18-Hr. infection 
plus crush 31.4 38.6 





Average blood volume loss in fatal shock from hemorrhage, 36.9 per cent. 


Bacteriology.— 

Control animals: Repeated blood eultures during the application of the 
crusher and after removal showed no bacterial growth except for occasional 
staphylococcus or streptococcus in the broth, which appeared to be contaminants. 
(Gram-positive gas-forming anaerobes (Cl. welchii) were present in the muscle 
and leg fluid following crush in sixteen out of sixty-three animals, or in 25 per 
cent. This group did not include dogs that had been inoculated with Cl. welchi, 
but did inelude animals receiving Str. hemolyticus. Cl. welchii was found in the 
liver in 87 per cent of the animals. 

Infected animals: The blood cultures were sterile in the Str. hemolyticus 
series both during application of the crusher and after removal. Terminal blood 
cultures were also sterile. A positive culture was encountered in one animal 
after removal of the crusher, but at autopsy an acute cystitis was found, and 
cultures of the bladder showed streptococcus. Inasmuch as it may appear 
unusual that so many dogs had negative blood cultures, it should be noted that 
cultures were taken prior to the day of the experiment, and animals with 
bacteremia were discarded. Str. hemolyticus was, of course, always present in 
the leg fluid and Cl. welchvi was present in the leg muscle of two animals. 
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The blood cultures in the Cl. welchii series were frequently positive, and 
since there did not seem to be any definite pattern in relation to the erusher, 
the results are tabluated in Table V. Cl. welchit was always isolated from the 
leg fluid and liver. 


TABLE V. BuLoop, LEG MUSCLE, AND LIVER CULTURES IN CL. WELCHIL PLUS CRUSH 


JUST = LEG 
; 15 MIN. — 
: CON TROI DURING PRIOR who ) 2 7T0 4 FLUID a 
DOG NO. oe : - AFTEK 2 HR. LIVER 
CULTURI CRUSH ro aa : Wik. OR 
RELEASE we - 
RELEASI MUSCLI 
£3-398 
13-387 
£5-408 : | str. 
13-375 
13-372 Staph. Staph. 
15-514 | 
3-424 i 
13-417 - Str. Str. 
15-411 
43-414 
13-344 
13-265 - Staph. 


+, Cl. welchii 
, Negative culture 


Pathology.—The animals were autopsied immediately following death, and 
portions of the organs saved for microscopic study. The changes noted were 
as follows: 

Heart: The heart was usually dilated. The muscle showed no gross or 
microscopic abnormality other than occasional fragmentation. This fragmenta- 
tion was not constantly present, but oceurred most frequently in animals in- 
fected with Cl. welchii. 

Lungs: Basilar congestion was present, but the lungs were not generally 
congested or edematous. 

Liver: The liver appeared congested and swollen. On microscopic exam- 
ination there was marked central congestion. The liver cells appeared frothy 
and were vacuolated, indicating cloudy swelling and probably fatty degenera- 
tion. This change was most marked in the central area, and focal necrosis was 
occasionally present. The appearance of the liver was essentially the same 
in all the animals, although the changes in the clostridial group seemed more 
marked than in the control and streptococcus series. 

Spleen: The spleen was contracted and frequently contained hemorrhagic 
infarets. 

Gastrointestinal tract: The stomach appeared normal. The duodenum 
showed mucosal congestion and occasional actual hemorrhage with superficial 
ulceration. This change was similar in the three groups of experiments. The 
jejunal mucosa was also occasionally congested in the proximal portion, and 
in many animals bloody fluid was present in the lumen. 

Adrenal: The adrenals appeared normal in most instances, but hemorrhage 
in the medulla was occasionally seen. 

Kidneys: The kidneys were grossly congested and swollen. Miero- 
scopically there was always marked eapillary congestion and extensive cloudy 
swelling of the tubular epithelium; the lumen of the tubule was often filled 
with cellular debris. Pink-staining amorphous precipitate was present in the 
glomeruli, but no definite necrosis was noted. Casts were present in the eol- 


lecting tubules. 
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Traumatized muscle: The muscle of the control animals at the time of 
death was very edematous and macerated, and bloody fluid oozed from the cut 
section. Microscopically, there were fragmentation of the musele bundles, 
edema, and hemorrhage. The streptococcus series showed the same change 
except for more prominent edema and some leucocytie infiltration. The muscle 
of the animals inoculated with Cl. welchii showed much more marked changes. 
Pockets of gas were present, and the muscle had a bluish-black gangrenous 
appearance. The edema fluid was dark and frothy and on eut section the 
muscle was soft, necrotic, and amorphous. The local evidence of gas gangrene 
was confined to the area of the thigh which had been crushed and had not 
spread to the normal muscle or to the trunk of the animal. 


DISCUSSION OF RESULTS 


The shock or peripheral cireulatory failure which follows the removal 
of the crusher is quite similar to that seen following experimental intestinal 
trauma, tourniquet shock, and muscle trauma produced by other methods. The 
rather precipitous drop in blood pressure following removal of the crusher is 
more striking than is seen following intestinal trauma or muscle injury of 
other types. There is marked hemoconcentration, an increase in the whole 
blood specific gravity, and increased blood viscosity, and the concentration of 
circulating plasma protein inereases slightly. The circulating (measurable) 
plasma and whole blood volumes decrease. Following the removal of the 
erusher the injured thigh becomes enormously swollen, and at autopsy bloody 
fluid oozes from the muscle. This fluid contains less protein than normal 
plasma and less hemoglobin than whole blood. <All of the leg fluids and trau- 
matized muscle were cultured both aerobically and anaerobically, and Cl. welchu 
was isolated in 25 per cent. Many of the leg fluids and muscle showed no 
erowth on either aerobie or anaerobie culture. 

The amount of fluid lost in the traumatized extremity is nearly equal 
to the measured loss of blood volume. This again emphasizes the importance 
of local fluid loss as an initiatine factor in shock, and is an excellent argument 
against the hypothesis that there is a generalized capillary permeability and 
general fluid loss in shock. 

The infected animals differed from the controls especially in survival time, 
which is two hours shorter with streptococcus infection, and three hours shorter 
with Cl. welchu. The blood pressure curves show the same prompt initial fall, 
but the infected animals do not have the secondary rise in arterial pressure that 
is present in the controls. There are differences in the whole blood specifie 
gravity and in the white blood count, as previously noted, but the changes are of 
minor importance. The swelling of the thigh is more marked with the strepto- 
coeeus than in the controls, but Cl. welchii is associated with the greatest edema ; 
swelling becomes maximal within thirty minutes, the leg is bluish, and erepita- 
tion is present before death. In spite of the tremendous swelling, the plasma 
loss from the circulation in the infected animals is less than in the controls. 
The controls lose an average of 35.4 ¢.¢. of plasma per kilogram, while the 
infected animals lose 26.6 and 27.1 ¢.c. of plasma per kilogram. The rate of 
plasma loss is the same in the controls and with streptococcus, but is more rapid 
in the Cl. welchii group. 

There are many possible reasons why the survival period of animals in- 
fected with streptococcus and Cl. welchii is shorter than that of the controls 
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or those infected with staphylococeus, but the factors of local fluid loss and of 
circulating bacterial toxins deserve the most serious consideration. It ean be 
areued that the infected animals have a greater initial fluid loss at the site of 
trauma with a more rapid initial blood volume depletion. The group infected 
with staphylococcus did lose more fluid at the site of trauma than the controls, 
but their survival time was not decreased. The animals infected with strepto- 
eoceus and Cl. welchii did not have as great a decrease in the plasma volumes 
at the time of death as did the controls. It would follow from these observa- 
tions that the differences in survival cannot be explained on the basis of greater 
local fluid loss, and that there is a systemic effect of the bacterial infection 
(bacterial toxin) which is added. The difference in the blood pressure curves 
suggests, however, a possible difference in the physiologic response of the in- 
fected animals. The secondary blood pressure rise seen in the control animals 
is usually explained on the basis of vasoconstriction, a narrowing of the cir- 
culatory bed to compensate for the decreasing blood volume. The absence of 
the secondary rise with streptococcus and Cl. welchv suggests that the infection 
may deprive the animal of this compensatory mechanism. 

The experiments of Aub and his co-workers® * have led them to believe that 
in experimental shock (especially tourniquet shock) the much sought after 
‘*toxin’’ is probably bacterial in origin and primarily the toxin of clostridia. 
This may also be true in shock resulting from muscle trauma with the crusher, 
but there are several characteristics of the control experiments which are not 
in complete accord with this hypothesis. 

In these experiments Cl. welchvi was found in the muscle in only 25 per 
cent of the animals (not inoculated with clostridia), and these animals did not 
have the shortest survival times. The deliberate inoculation of the muscle with 
clostridia prior to crushing shortened the survival time and modified the course 
of the shock. 

The pathologie lesions found in animals dying of shock are in some respects 
similar, but in others definitely different from those present in fatal clostridial 
infection. The central congestion, fatty degeneration, and focal necrosis of the 
liver are commonly found in both conditions. The muscle fragmentation is 
seen after removal of the crusher, but this can as well be a mechanical as a 
toxie effect. The duodenal hemorrhage, the kidney lesions, and the adrenal 
hemorrhages were not seen by Favata and associates'® in their dogs which 
died from clostridial infection or injection of their toxins. These lesions are 
usually present in experimental traumatie shock. In discussing tourniquet 
shock, Fine, Frank, and Seligman* state that, ‘‘The death from tourniquet 
shock is extraordinarily rapid, a matter of a few hours usually, following 
release of the tourniquet, so that too little time is available for development 
of enough toxin to be the lethal agent.’’ This short duration certainly does not 
preclude the development of enough toxin to cause damage to the animal, as 
many of Dowdy’s animals were toxie within three hours after intramuscular 
injection of the cultures. The amount of toxin which can be formed within a 
relatively short time, added to the fluid loss, can well be a potent factor in 
eausing the animal’s death. However, more experimental evidence must be 
obtained before we conclude that bacterial toxins are always a factor in rapidly 
developing experimental shock due to muscle injury or muscle ischemia. It is 


noteworthy that bacteremia was not encountered in the streptococcus experi- 
ments, and only occasionally with clostridial infection. 
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The decrease in the survival time following injury to muscle inoculated with 
Str. hemolyticus and with Cl. welchii, as compared with the control animals 
and those inoculated with staphylococcus, emphasizes the important role which 
wound contamination may have in traumatie shock. The importance of wound 
infection is so obvious that comment is unnecessary, but these observations in- 
dicate that simple wound contamination may profoundly affeet the shock 
resulting from injury. 

CONCLUSIONS 

Shock has been produced in dogs by means of the Blalock crusher. The 
inoculation of virulent cultures of Str. hemolyticus and Cl. welchii into the 
thigh muscles just before application of the crusher modifies the resulting 
shock. The survival time of animals inoculated with Str. hemolyticus is two 
hours less than the control animals, and those inoculated with Cl. welchii sur- 
vive three hours less than the controls. Staph. aureus injected into the thigh 
muscles before injury does not alter the survival time under the conditions 
of these experiments. 

There is no greater fluid loss in the infected animals than in the controls, 
and the decreased survival time is considered to be due to the infection of 
traumatized muscle and to circulating bacterial toxins. The infected animals do 
not have a secondary rise in blood pressure following the primary fall. 
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HYDRONEPHROSIS 
lL. THe SrructuRAL CHANGES 


FRANK Hinman, M.D., San FRANCISCO, CALIF, 
(From the Division of Surgery, Subdivision of Urology, University of California 
Medical School) 


HE structure of the kidney is intricate and our present knowledge of parts 

and components has been achieved through years of study by many men. 
Such names as Bowman, Malpighi, Henle, and Schweigger-Seidel are symbolic 
and others, Peter, Huber, Traut, ete., are classical in this field. Although renal 
structure is now well known, opinions on certain structural relations still differ. 
There is no fast agreement on the structural unit and its correlation with the 
functional unit, on the renal lobule (or pseudolobule), on nutrient arteries, end 


arteries, or arteriolae rectae spuriae. (Is all blood to the tubules postglomeru- 


lar?) Strangely enough, the tubular structure of the kidney has been studied 
over all these years by means of just two methods, reconstructions and teased 
dissections. During this period such men as Cohnheim, Ponfick, Suzuki, Fabian, 
Strong, Clark Johnson, and others have studied the tubular changes of hydro- 
nephrosis by the same two methods. Unfortunately, neither method demon- 
strates satisfactorily the later changes of hydronephrosis and, consequently, 
there is much room for differences of opinion. Investigators interpret differ- 
ently the discoveries made by the same method. Two recent contributions from 
the findings of the maceration-dissection method illustrate this point. Many 
questions may have to remain unanswered unless a newer, more accurate method 
of demonstrating the changes than either of these two is discovered. 

The outer and inner changes of hydronephrosis are familiar to every stu- 
dent of pathology. Outwardly, the whole kidney looks engorged and eystie. It 
is tense and distended. It is obviously overfilled. On section, the pelvis collapses 
and, with the escape of its fluid contents, all that is left of its inner surface is a 
shell of parenchyma showing corrugations, the umbrella-like ribs of which con- 
form to the particular type of vascular tree of the species of animal (Fig. 1). 
In the past, descriptions have been largely of the changes occurring after com- 
plete ureteral obstruction in experimental animals, and have been confined a 
little too closely to tubular changes. Nevertheless these studies are useful since 
the changes in animals no doubt are similar to those occurring with partial 
obstruction of the human kidney. The unipolar kidney (rat, guinea pig, rabbit, 
‘at, dog, sheep, and whale), however, is structurally different from the multi- 
polar kidney (cow, monkey, pig, seal, and man). Many of these kidneys also 
have their own tubular peculiarities. For example, the Henle loop in seals is 
short and in rabbits, long. The venous circulation of the cat is unique, totally 
different from all the others, and the changes of hydronephrosis in eats differ 
from the others in the absence of the usual progressive enlargement (Fig. 2). 
Birds, reptiles, amphibia, and fish have apelvic mesonephroi without papillae. 
They show tubular dilatation and atrophy, it is true, but of a kind as different 
as their structure. The aglomerular kidneys of Teleostomi probably would not 
become hydronephrotie at all because basically hydronephrosis is glomerular. 
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Big: 1. Fig. 3. 
1.—Photograph cf the inner cut surface after sagittal section of an advanced 
hydronephrosis from a ureteropelvic partial obstruction. Note the intrarenal type of pyelec- 
tasis, the calical cavities and the varying thicknesses of the parenchymal rim. The inside 
ribs are formed of larger blood vessels which are resistant to backpressure and the best pre- 
served parenchyma is that with the least anemic atrophy. The whole parenchymal area never- 
theless still shows functioning glomerulo-tubules. (See photomicrographs from areas J, JI 
and JII reproduced in Figs. 4, 6 and 7.) (This human specimen is most unusual in the ab- 
sence of all infection and of all evidence that there ever has been any.) 

Fig. 3.—The corticomedullary line demonstrated by arterial injection of barium sulfate 
in complete ureteral obstruction, seven days in duration, of a unipapillary sheep’s kidney. 
Note the compression of interlobar and arcuate veins by pelvic distention. (From Hinman F.: 
Surg., Gynec. & Obst. 58: 356, 1934.) 


Fig. 





Intrarenal type of hydronephrotic atrophy in the cat. A, Complete obstruction 
i degree of hydronephrotic atrophy but 


rig. 2. 
of the ureter for thirty-eight days shows a similar ! t 
B, The peculiar external arrangement of 





without the gross enlargement as in other animals. I 
the venous circulation of the cat as compared to other animals with unipapillary kidneys. 
veins on the surface act as an oncometer, preventing much enlargement. 


The 
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The changes in a rabbit cannot be accepted, therefore, as gospel for man or other 
animals. 

Traumatic is the word for the early changes of hydronephrosis. The surface 
of the kidney looks edematous and hemorrhagic. On section, engorgement marks 
the corticomedullary line and bloodstreaks radiate from that line outward into 
the cortex and inward toward the papilla (Fig. 3). The mushy papilla early 
shows superficial splits, later torn excavations, and after several days it flattens 
out and disappears. These traumatic changes characterize early stages; later, 
the epithelial surface of the dilating pelvis becomes intact, the continuity of the 
pelvie epithelium with that of collecting ducts having been restored. Pelvic 
tears are no longer seen. During the first few days the pelvie content, usually 
blood tinged, gradually increases in amount up to fifty or sixty days (rabbit), 
after which it diminishes and the renal weight parallels these changes (Table 
I). The rim of renal parenchyma grows thinner as dilatation progresses but 
retains its corticomedullary distinction almost up to ultimate destruction (Fig. 
4). 











TABLE I. RELATION OF FLUID VOLUME TO RENAL WEIGHT IN PROGRESSIVE HYDRONEPHROSIS 
Duration of 1 3 6 10 #1 21 28 36. 46 61 90 114 «21638 ~«2321 
obstruction 


(days) * 


Volume of pelvic 4 6 S 9.6 10 12 is84 35 46 40 is 12 10 6 
fluid (in eubie 
centimeters ) * 


Approximate 100 110 150 170 180 100 80 60 
weight of the 
hydroneph- 





rotic 
kidney t 
*From Strong, Kenneth C.: Arch. Path. 29: 78, 1940. 


yAfter Ponfick: Beitr. z. path. Anat. u. z. allg. Path. 49: 127, 1910. 


The tubular changes are hard to follow microscopically because the ability 
to distinguish different components of the unit is soon lost and therefore recon- 
structions which can be made of the early stages are impossible in later ones. 
Dilated, collapsed, and atrophied parts of a tubule soon look alike and proximal 
or distal convolutions, ascending or descending limbs, connecting or collecting 
ducts become indistinguishable. Glomeruli remain longest, many in good pres- 
ervation, but what has happened to their individual tubules has long been a 
matter of conjecture. Some proximal convolutions and Henle’s loops also sur- 
vive, apparently as scattered remnants in a mass of atrophy. Are these tubular 
components and these glomeruli still functioning as units or have certain parts 
of a tubule as well as its own and other glomeruli each become independent ? 
After all, the tubule is not the whole of renal structure nor is it the essence of 
renal function, or even the unit of either. It takes a group of glomerulotubules 
to form such a unit (Fig. 5) and this is locked inseparably with blood supply. 
In understanding the pathogenesis of hydronephrosis, therefore, the vascular 
changes are no less important than the tubular. Finally, what is the effect on 
function of these progressive changes of hydronephrosis? Comparing the micro- 
scopic sections of two kidneys, grossly appearing to have about equal degrees of 
hydronephrotie atrophy, one caused by complete and the other by partial ob- 
struction, so similar are the changes that it is not possible to distinguish between 
them. The kidney only partially blocked certainly has been functioning all the 
time, even if less and less efficiently. Why would the kidney totally blocked not 
have had to be functioning all the time also and, if not, why are the pathologie 
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changes so exactly the same? All of these progressive changes—phylogenetie, 
tubular, arterial, venous, and functional—are certainly interrelated and together 
can give some inkling of what goes on in a kidney with a blocked ureter. Even 
with the exercise of a good imagination, conclusions from a study of tubular 
changes alone are incomplete, just as is Suzuki’s division of the progressive 
changes seen on microscopic studies with indigo carmine intravitally, into the 
three stages of (1) general dilatation, (2) beginning collapse of ‘‘ Hauptstiicke 
and Schleifenshenkel,’’ and (3) terminal collapse of collecting duets. 
Tubular Changes.—The ultimate subdivision of renal structure leaves a 
glomerulus and its tubule. They are indivisible although Oliver suspects, from 
having discovered aglomerular tubules and atubular glomeruli in his dissee- 
tions, that these glomerular and tubular components do function independently. 
The single glomerulo-tubule, however, is not a complete functional unit but must 
be grouped with others of its kind in order to function normally. The first effect 
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Fig. 4.—Tubular changes. Photomicrograph of the area J of the hydronephrotic kidney 
shown in Fig. 1. Note the more or less uniform dilatation of the tubular system with fairly 
good preservation of glomeruli. In the cortex (@) proximal and distal convolutions cannot as 
a rule be identified, or distinguished from collecting tubules. In the medulla, Henle’s loops 
are indistinguishable from those intermediate portions of the collecting system which they 
parallel (b). The terminal portions of collecting ducts are the most dilated of all and their 
elongation is indicated by their being sectioned usually either obliquely or longitudinally (c) 
rather than straight across (as the tubules in }). This picture demonstrates the difficulty of 
interpreting the later tubular changes correctly from microscopic and camera lucida recon- 
structions. There are no longitudinal rays of tubules in the cortex as seen in thicker parts of 
the parenchyma (see Figs. 6 and 7). 





of back pressure on the tubule is dilatation, most marked in the collecting ducts, 
but more or less general in all tubular components in all poles and regions (Fig. 
6). Soon the epithelium which lines some dilated ducts shows flattening and that 
which lines other collapsed ducts alongside shows atrophy. With atrophy comes 
replacement with leucocytes and connective tissue until, finally, interstitial 
fibrosis replaces almost all tubular structures. Right to the end closely packed 
glomeruli persist in compressed areas with little if any fibrosis or hyaline change 
(Fig. 7). With them are cystic collecting tubules whose connection, if any, 
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Fig. 6.—Photomicrograph from area JJ of Fig. 1. The upper limits of two ecalical cavities 


(X) show closely packed collecting ducts encircling and entering them. The rays of longitudin- 
al tubules throughout the parenchyma are tubular cores of structural units (Fig. 5). In B and 
C, glomeruli and tubules to the left of the core of collecting ducts are much more atrophic 
than those to the right. The encircling glomeruli of this particular unit group of tubules get 
blood from different interlobular arteries lining the circumference of the cylinder and those at 
the left in B and C have been pinched or compressed more than those at ihe right. 





Fig. 5.—Renal structure. 

A, Reconstruction of three glomerulotubular units, a structural but not a functional unit. 
(A) Diagram of a tubule, the renal corpuscle of which is situated in the lowermost portion of 
the cortex; (B) about the-middle of the cortex; (C) in the outer portion of the cortex. (m) 
Renal (malpighian) corpuscle; (7) vessel porta, (2) neck; (pe) proximal convoluted portion ; 
(es) medullary segment, (dM “descending limb, (al) ascending limb of medullary loop (loop 
of Henle), (dc) distal convoluted portion, (j) junctional tubule (c¢) collecting tubule. (From 
Huber, G. Carl: The Harvey Lectures, 1909-10, pp. 120.) 

B, Photomicrograph of~+collodion cast of two interlobular arteries with glomeruli. 

C, Photomicrograph of a glomerulo-tubule isolated by the method of maceration and 
needle dissection (Henle’s loop is missin?). (From Oliver, J., and Lund, E.: Arch. Path. 15: 
755, 1933.) 

D, Model drawing of the vascular-tubular relationship with a cylindrical group of 
glomerulo-tubules packed around the core of their collecting ducts roughly in the form of a 
pyramid with the glomeruli surrounding it peripherally. (A) The central tubular arrange- 
ment with peripheral circulation, forming a cylinder-like unit. Tubular arrangement shows 
(a) proximal convoluted portion, (b) loop portion, (c) distal convolution in neighborhood of 
proximal, (d) the connecting piece, (e) the collecting duct, emptying into (f) the common 
duct of Bellini on the renal papilla. The arterial tree is shown as (/) the interlobar or ar- 
cuate, (2) the interlobular, (3) the afferent glomerular, (4) glomeruli arranged in circular 
manner about the tubular core, (5) the efferent glomerular, and (6) the arteriae rectae. (B) 
represents the unit without the tubular system drawn in, showing the venous tree. (1’) The 
plexus of collecting veins, (2’) the venae rectae which is also a plexus, (3’) the interlobular 
veins, and (4’) the arcuate and interlobar veins. (From Hinman, F.: Principles and Practice 
of Urology, Philadelphia, 1935, W. B. Saunders Company.) (See Fig. 6.) 

E, Model sketch of a functional unit conceived as a tree with its trunk the collecting 
duct with neighboring ones in outline. The unit is reconstructed from the accompanying illus- 
trations: (A) The collecting tree, (B) the interlobular arteries with their glomeruli, (C) a 
compact glomerulo-tubule (Henle’s loop not shown), (D) the vascular-tubule relationship. 
The unit is a cylindrico-pyramided group of glomerulo-tubules emptying into one collecting 
duct which branches out into the group dichotomously like a tree to its fruit. The group is a 
unit, however, only with reference to a duct in common. The blood supply comes in at the 
periphery from many different interlobular arteries which also supply glomeruli of neighbor- 
ing cylindrico-pyramidal groups of tubules. It is obvious that the effects of obstruction of the 
collecting duct might be more or less uniform but that the effects of anemia in the group might 
vary enormously if some interlobular arteries were unaffected and others constricted. 
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Fig. 7.—Photomicrographs from area JII, Fig. 1. Glomeruli are scattered and fewer in 


number. Tubular atrophy and replacement by connective tissue are clearly seen even 


in the 


low-power magnification (A). The foreshortening and tortuosity with atrophy are shown in 


B and fibrosis is pronounced in the lower portion of C. 
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Fig. 8.—Repair of hydronephrosis 





rim of parenchyma is very thin. )b, 


after relief of a complete ureteral obstruction sixty days in 
nodule in the central zone which stands out lighter in color 
intravital stain. This nodule, however, would not maintain life 
kidney. c, Photomicrograph (high power) 
vital stain is deepest in convoluted tubules which are seen to 
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with these glomeruli has remained unsolved until just recently partially dis- 
closed by actual dissection. The foregoing changes are progressive, but not 
uniformly so, throughout the kidney. The renal portions showing slowest prog- 
ress in hydronephrotie atrophy differ with species. The glomerulo-tubules of 
either one or both poles function longest in dogs, those of the central area, long- 
est in rats and rabbits (Fig. 8). In man, the renal portions relatively less 





Fig. 9.—Glomerulo-tubular units isolated by the method of maceration and microscopic 
dissection. (10) A normal glomerulo-tubule (A) and its collecting duct tree (B). (A) The 
usual grouping together of proximal and distal convolutions has been split by dissection (see 
Fig. 13). (B) The collecting duct shows division to the seventh degree; note its length. 
(11) Proximal convolutions unraveled from the central portion after six days’ obstruction 
show atrophy which, after fourteen days, has become marked in the Jateral portion (12), but is 
slight in the intermediate portion (/3) after twenty-one days (see Fig. 10); one convolution 
from the intermediate portion (/4) is even well preserved after twenty-eight days. In (15) 
is a convolution three days after obstruction and in (16) are normal isolated ducts of Bel- 
lini. (From Strong, Kenneth C.: Arch. Path. 29: 77, 1940.) 
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affected by hydronephrotie atrophy vary largely, as will be shown, according to 
the circulatory arrangement, the slowest progress of atrophy being where blood 
vessels are the least compressed by tubular and pelvie dilatations. Pressure 
atrophy is more or less uniform throughout the kidney but anemic atrophy is 
not. This variation in the rate of tubular atrophy in different renal portions is 
seen microscopically (see Figs. 6 and 7) and is demonstrable by dissection (Figs. 
9and 10). Just what happens when all portions of a tubule have atrophied ean 
only be surmised. Do glomeruli retain a duct through which their filtrates can 
drain directly into the pelvis, as stated by Fuchs from induction and demon- 
strated by Johnson (Fie. 11), or are they completely isolated as interpreted by 























Fig. 10.—Pho‘tograph (45) of a cross hemisection of a rabbit’s kidney, the ureter of 
which had been obstructed ten days and a diagram (46) reconstructed from tubules dis- 
sected out (after maceration in hydrochloric acid) from corresponding areas of rabbits kid- 
neys obstructed six, ten, and fourteen days. The intermediate portion (J), according to 
Strong, is less atrophic than the central (C@) and lateral (L) and the collecting ducts of the 
central portion are foreshortened, while those of the lateral) are lengthened as compared to 
the intermediate portion. (From Strong, Kenneth C.: Arch. Path, 29; 77, 1940). 
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Strong (Fig. 12)? Perhaps both these processes occur. The method of macera- 
tion and dissection is incompetent to answer this question fully (Fig. 13). With 
increasing difficulty and uncertainty are the delicate, thin-walled ducts teased 
out intact from the matrix of connective tissue embedding them deeper and 
deeper as hydronephrotie atrophy progresses. An isolated portion believed to 
be the one remnant of a unit may be an artifact of the method, a portion broken 
off from the whole by the dissecting needles. Even the disconnection of tubules 
and glomeruli which Oliver found in chroni¢ nephritis and cited as evidence of 
continuing but unconnected activity may be so interpreted. ‘‘Two very old 
histologic methods have demonstrated that a tubule may persist in hypertrophic 
form when its glomerulus is reduced to an almost bloodless mass of collagen 





Fig. 11.—Tubular changes. The end stages of hydronevhrotic atrophy as demonstrated 
by maceration and needle dissection (Johnson 1932). Some Bowman’s spaces with glomeruli 
in fairly good condition empty (glomerular filtrate) directly through dilated ducts into the 
distended pelvis, the content of which is now a filtrate. Tubular function has ceased. Back- 
flow possibly occurs up some of these ducts through glomeruli with low pressure. (From 
Johnson, Clark M.: J. Urol. 27: 279, 1932.) 


(Oliver, 1933), that the disruptive processes of disease may cut off tubules from 
glomeruli, and that these isolated tubules not only survive but maintain evidence 
of vital progressive changes’’ (Oliver, 1935). In Fig. 14 is shown Oliver’s 
aglomerular tubule and atubular glomerulus but the chanees, inherent in the 
method, that these ‘‘two blind ends’”’ have been torn apart or that this glomeru- 
lus belongs to another tubule and the tubule to another glomerulus leave some 
doubt of Oliver’s interpretation. Elsewhere he shows intact atrophie units 
(Fig. 15). Strong grants that tubular remnants are ‘‘undissectable’’ and ‘‘un- 
identifiable’’ in any portion after 114 days. Yet even after the removal of 
much longer obstructions, enough of them remain intact to form a repair nodule,* 
and glomeruli, tubular remnants, and dilated collecting ducts survive obstrue- 


*Thus explaining the meaning of the term ‘group distribution” which Strong questions 
on page 116 of his paper. 
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tions more than twice as long. The conclusions based on this method alone, there- 
fore, are not convineing. 

Arterial Changes.—The arterial changes can be demonstrated satisfactorily 
by methods of celluloid corrosion (Fig. 16), x-ray stereopticon (Fig. 17), and 
injections of Berlin blue (Fig. 18). The corticomedullary line is drawn on both 





Fig. 12.—Photograph (47) of one-half a cross section of a rabbit’s kidney obstructed 
twenty-eight days, and diagram (48) of a corresponding area reconstructed from tubules 
dissected out after the maceration of kidneys obstructed twenty-one and twenty-eight days. 
Very few convoluted tubules were dissectable, many apparently had blind endings, yet a rabbit’s 
kidney obstructed twice as long or longer will show considerable repair after removal of the 


obstruction. (From Strong, Kenneth C.: Arch. Path. 29: 77, 1940.) 

vascular and tubular distinctions; above it are glomeruli and the efferent eapil- 
lary plexus, below it, arteriolae rectae and the collecting tubules (Fig. 19). 
All tubular convolutions are above, while the medullary loops and collecting 
ducts lie mainly below. Some semblance of the foregoing vascular division on 
this line remains throughout progressive hydronephrotie atrophy, as can be 
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shown by the methods deseribed, so that the tubular distribution above and 
below it must likewise persist in some form. As the interlobar and arcuate 
vessels stretch and their calibers diminish with pelvie distention, only those 
interlobular arteries which have not been shut off by the compression continue 
supplying blood to their glomeruli and these, through postglomerular capillary 
plexuses and arteriolae rectae, continue to nourish the corresponding tubular 
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Fig. 13.—Glomerulo-tubular units isolated after maceration by needle dissection. (From 
Oliver, J.. and Lund, E.: Arch. Path. 15: 755, 1933.) 


components. This leads to great differences in the rate of progress of hydro- 
nephrotic atrophy throughout the parenchyma of the same kidney. Those 
parts disappearing first have the poorest blood supply and vice versa. This 
accounts for the group distribution of survival, permitting isolated repair nodules 
in experimental hydronephrosis. The elongation and thinning out in caliber of 
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Fig. 14.—The finding which might point to independent function of glomeruli (atubular) and 


tubules (aglomerular). (From Oliver, J., and Luey, A.: Arch. Path. 19: 1, 1935.) 
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Fig. 15.—Group changes. a, Photomicrograph showing a hypertrophic (right) and an 
atrophic (left) glomerulo-tubule in the same section. b, Photograph of one such atrophic 
unit after isolation by needle dissection. (From Oliver, J., and Lund, E.: Arch. Path. 15: 755, 


1933.) 
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the main arterial subdivisions, that is, the interlobar and arcuate branches, are 
accompanied by shrinkage of the interlobular arteries with attenuation of the 
capillary plexus of the cortex and tortuosity of arteriolae rectae of the medulla 
(Fig. 20). There is considerable difference later in the size of glomeruli (denied 
by Strong), which would indicate the possibility of compensatory hypertrophy 
of some glomeruli, similar to that observed by Oliver in chronie nephritis. 
Venous Changes.—The venous changes are best shown by x-ray stereopticon 
(Fig. 21) and injections of Berlin blue (Fig. 22). The general changes are 


similar to those of accompanying arteries. 


Fig. 16.—Arterial changes in the hydronephrotic kidney of the rabbit, as demonstrated 
by collodion injections. a, twenty-one days: The pelvis has also been injected and shows how 
the circulatory tree is compressed and stretched by the progressive pelvic enlargement. The 
interlobular arteries at the rim are still numerous and fairly straight. b, twenty-six days: 
Marked elongation of the interlobar arteries with foreshortering and tortuosity of the inter- 
lobular arteries. c, Enlargement of a portion of b, showing clearly the increase in length and 
the diminution in caliber of the interlobar (A) and the arcuate arteries (B), and the marked 
change in the interlobular arteries (C). (From Hinman, F., and Morison, D. M.: J. Urol. 11: 
131, 1924.) 

DISCUSSION 

When the tubular and vascular alterations mentioned are related one with 
the other, it is seen that two pathologic processes produce hydronephrotie 
atrophy. Undoubtedly, tubular and pelvie distention cause pressure atrophy, 
but the effect of this distention on blood supply superimposes an anemic atrophy. 
Levy, Mason, Harrison, and Blalock have shown the great reduction in the flow 
of renal blood in simple hydronephrosis, and if this reduction is increased by 
arterial constrictions or ligations, atrophy and dilatation are accelerated (Fig. 


23). The sudden increase of pelvic contents at from fourteen to twenty-eight 


days of obstruction (Table I1) is not readily explainable. It may possibly be 
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B 





Fig. 17.—Arterial changes. A, Normal; note the size at the base. and the direct branch- 
ing to small straight interlobular arteries. B, Hydronephrosis (pyelectasis demonstrated by 
distention with air). Note the group distribution of arteries vessel to lower pole not in- 
jected) and their long, arched, tapering course to the foreshortened, crooked interlobular ar- 
teries. (From Hinman, F., and Morison, D. M.: J. Urol. 11: 151, 1924.) 





: Fig. 18.—Photograph of a late stage of hydronephrotic atrophy (rabbit) after injection 
with Berlin blue, showing the few groups of resistant glomeruli about the interlobular arteries 
least constricted. (From Hinman, F.: Surg. Gynec. & Obst. 58: 356, 1934.) 
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Fig. 19. Fig. 20. 
Fiz. 19.—Arteriolae rectae (Berlin blue) below the corticomedullary line of a normal 
kidney. (From Hinman, F., Morison, D. M., and Lee-Brown, R. K., J. A. M. A. 81: 177, 1923.) 


Fig. 20.—Arteriolae rectae (Berlin blue) in a hydronephrotic kidney (rabbit). (From 
Hinman, F., and Morison, D. M.: J. Urol. 14: 131, 1924.) 








Fig. 21. Fig. 22. 

Fig. 21.—Venous system of the kidney of a sheep which has been injected by way of 
the ureter, showing the radial course of the interlobular vessels and the circumferential di- 
rection of the larger arcuate branches. The pelvis is well outlined and the rupture has oc- 
curred in a minor calix. (From Hinman, F.: Surg. Gynec. & Obst. 58: 356, 1934.) 

Fig. 22.—Photograph at the corticomedullary line after venous injection (Berlin blue), 
showing the secondary capillaries in the form of plexuses about convoluted tubules of the 
cortex, and the venae rectae, in the form of cylinders about Henle’s loops of the medulla. 
(From Hinman, F., Morison, D. M., and Lee-Brown, R. K.: J. A. M. A. 91: 177, 1923.) 
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Fig. 25.—Acceleration of hydronephrotic atrophy by venous constriction. a, Complete 
ureteral obstruction alone for twenty-one days. b, Complete ureteral obstruction and partial 
compression of the renal vein for twenty-one days. c, Photograph of hydronephrosis and 
partial compression of the renal vein of twenty-eight days duration; 7 is the constricting 
band. d, Complete ureteral obstruction, partial compression of the renal vein together with 
complete ligature of all venous collaterals, after twenty-one days. (From Hinman, F., and 


Hepler, A. B.: Arch. Surg. 11: 917, 1925.) 


related to a change in the type of backflow. Atrophy and dilatation also are 
accelerated in the early stages by venous constriction (Fig. 24), probably the 


result of an increase in secretory pressure, but, in the rabbit, collateral veins 


TABLE II. SIMULTANEOUS LIGATION OF THE LEFT URETER AND THE POSTERIOR DIVISION OF 
THE RENAL ARTERY 





PELVIC CAPACITY WITH 











DURATION PELVIC CAPACITY mires ‘ 
ea URETERAL LIGATION 
(DAYS ) (cc. . 
ALONE (C.C.) 
oa ee” Sr oe 4 
14 105 6 
21 110 14 
28 105 13 
56 22 25 
90 92 33 
From Hinman, F., and Hepler, A.: Arch. Surg. 12: 830, 1926. 


soon compensate for the constriction so that hydronephrotic atrophy in that 
animal progresses in the later stages as with ureteral ligation alone. Destrue- 
tion of this collateral circulation at the time of venous constriction (and ureteral 
ligation ), however, increases the anemic type of atrophy (Fig. 25). Undoubtedly, 


i‘ 


Strong to the contrary,* 


tubular and circulatory changes are interrelated. 





*To quote Strong (Page 118), “In the present study the persistent parenchyma was 
found to be very definitely related topographically to those distortions of the organ which 
permitted maintenance of the integrity of its nephrons exclusive of any possible effect of blood 
supply, and further this area of preserved nephrons exists in the material studied in a zone 
at right angles to the course of the larger renal vessels.” The fine interlobular arteries and 
veins also go “at right angles to the course of the larger renal vessels’ (the interlobar and 
arcuate), thus nullifying this argument. 
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CONCLUSION 
Even after many years of study by many different men, the structural 
changes of hydronephrosis are poorly understood. 
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HYDRONEPHROSIS 
Il. THe FuncTionaL CHANGES 


FRANK HinMAN, M.D., SAN FRANCISCO, CALIr. 
(From the Division of Surgery, Subdivision of Urology, University of California 
Medical School) 


INTRODUCTION 


5 apc ST two decades should have increased our knowledge of hydronephrosis. 
The advances, however, have been largely in the surgical field; little has 
been added to the fundamentals of pathology and diagnosis. Nevertheless, this 
offers a somewhat better understanding of what has lone been a pathologie 
enigma. Primary atrophy and quick death are the doom of other glands after 
complete obstruction of their ducts. The kidney meets its inevitable end dif- 
ferently. The destruction is prolonged for months and, should obstruction be 
relieved before the complete ruin of all its secretory units, these few will recover 
and still function. Hydronephrotie atrophy is distinct and separate from pri- 
mary or any other kind of atrophy. It is unique, and its mechanism is almost 
as dimly glimpsed as is that of the seeretion of the urine. The surgical advances 
have been mostly in the relief of obstructions at the ureteropelvie juncture and 
the methods, rarely original but borrowed largely from those used in relieving 
similar intestinal obstructions, are new to urology and mark an advance in this 
specialty. Nevertheless, like all things in medicine when new, they are overdone. 
Conservation by plastic surgery has about reached its zenith of popularity and 
from now on the renal surgeon, having gone through the stage of convincing 
himself or being convineed that he can repair everything, perhaps occasionally 
will ask himself before operating, what good will operation do this patient? 
The conservative surgeon of the future will not be the one now so considered, 
who removes only the functionless kidney, repairing all the others. After all, 
this policy of surgical repair so boastfully endorsed by many shows operative 
skill only without understanding or judgment of renal physiology. These two 
aspects, therefore, namely pathogenesis and surgical treatment, will be particu- 
larly discussed and modernized in this and the papers to follow. 
Definition.—Hydronephrosis is the term applied to the renal changes of 
distention and atrophy which follow urinary obstruction. The fluid causing the 
distention is urine, and the condition presupposes continued secretion of urine 
in spite of the obstruction. The content of the sac becomes more dilute as the 
degree of hydronephrosis progresses, until, in the final stages of complete hydro- 
nephrotie atrophy, it is nothing but water and salt. The term hydronephrosis 
appeared first in Rayer’s Traité des Maladies des Reins (1841). Hydrops renales 
(Rokitansky ), hydrops renis (Martineau), uronephrosis (Guyon and Albarran), 
sackniére (Kiister), nephrohydrosis (Aschoff), and nephrectasis (Morris) have 
been used as synonyms. The condition is, of course, to be distinguished from 


cystic changes in the kidneys such as solitary cyst and polycystic kidneys. Fur- 
thermore, the condition is not to be confused with pyonephrosis which was the 
term applied by Roberts, in 1896, to a suppurating hydronephrosis, but has since 


Received for publication, Nov. 13, 1944. 
836 































HINMAN: HYDRONEPHROSIS 837 


come to define a completely obstructed kidney full of pus that follows progres- 
sively a pronounced pyelonephritis. A suppurating hydronephrosis is differen- 
tiated by the term infected hydronephrosis, but with severe pyelonephritis an 
infected hydronephrosis may undergo secondary atrophy and become a pyo- 
nephrosis. In the following pages, the term hydronephrosis will be applied to 
renal changes of obstruction without infection; that of infected hydronephrosis, 
to the foregoing condition which has a secondary infection imposed on it; and 
pyonephrosts is used to deseribe a kidney full of pus, without funetion, and 
with little if any pelvie distention. Whatever distention may be present is 
caused by pus rather than urine. 

The modern hypothesis put forward to explain renal activity of filtration 
reabsorption with some secretion is not too secure. One weakness is that our 
growing understanding of what goes on in hydronephrosis tends to undermine 
the theory as it now stands. Perhaps one or another of the types of backflow 
in hydronephrosis is not solely pathologic. Of this we are uncertain, but like- 
wise we are still uncertain about many of the structural changes (Hinman) 
occurring in hydronephrosis and without knowing these, correlation between 
structure and function is as impossible as reconciliation of normal and hydro- 
nephrotic functions, That, with one exception, renal activity of some kind 
continues after complete ureteral obstruction is certain. This exception is 
anuria with which hydronephrosis never develops. Every hydronephrotie kid- 
ney is a functioning kidney. This was the idea in mind in comparing the con- 
tents of the kidney to a fresh-water lake, an inflow and an outflow. Strong 
(see page 110 of reference) objects to this simile: ‘‘ Although the pelvie content 
obviously is not ‘stagnant’ it at no time resembles a ‘fresh-water lake.’ It is 
commonly acknowledged that the pelvic fluid quickly loses the character of 
urine, and it must therefore be granted that the organ has ceased to function 
as a kidney.’’ This statement cannot be granted since, with partial obstructions, 
the kidney functions and, except for the rate of production, the pathologic 
changes are indistinguishable from those present with complete obstruction. 
Too little attention has been paid to these functional changes which may have 
considerably more significance in renal physiology than anyone suspects. 


FUNCTIONAL CHANGES 
That the content of the renal pelvis is not simply an accumulation can be 
shown in several ways. If 1 ¢.c. of phenolsulfonphthalein is put in when the 
ureter is tied, the dye will disappear within forty-eight hours (Table I). <An- 


DISAPPEARANCE OF PHENOSULFONPHTHALEIN FROM AN OBSTRUCTED PELVIS OF THE 
RABBIT’S KIDNEY 


TABLE I. 











| LEFT URETER INJE D | site eg 
WITH FROM 1 T0 1.5 C.C.| ~~ ere 

















OF DYE, DOUBLY LIGATED | PELVIS |PER CENT OF PHTHALEIN 
AND DIVIDED, IN RABBITS| (0.C.) 
‘After 24 hours | ee a See eee ona + 7; de 
2 3.0 12 
3 3.0 Trace 
After 48 hours oa, “> Pe =. 5. See ee 
5 3.0 8 
6 2.5 Very faint trace 
After 96 hours oat fal es en 4.0 ——— 5) ea 
8 4.0 Trace 
After 168 hours ~~ 9 Not estimated Oo : 
10 6.0 0 
6.0 0 
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(From Hinman, F., and Vecki, M.: J. Urol. 15: 267, 1926.) ; 
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alyses of the content also show that, except for red blood cells and albumin from 
trauma in earlier stages, it resembles more and more that of the glomerular 
filtrate. Intrapelvie pressures also gradually diminish as hydronephrosis pro- 
evresses, as do recoveries of function after removal of the obstruction. These 
and other facts indicate that renal work of some kind goes on for some time 
after the ureter is tied. Since the products of excretion cannot drain off by the 
usual route, some other pathway must be used. A probable one is tubular re- 
absorption in excess of normal. Through the tubules are sucked back huge 
amounts of water, about 90 per cent of the glomerular filtrate (Richards) and 
probably as much as 99 per cent in oliguria. The structural plan of loops in 
a capillary net is perfect for reabsorption. Nevertheless, that route, effective 
through osmosis only, is thought by many to be insufficient to explain the 
mechanism in hydronephrosis. Moreover, Henle loops soon disappear. 
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Fig. 1.—Drawing of a minor calix; the fornix calicis is at 2. (From Narath, P. A.: J. Urol. 
13: 145, 1940.) 


The capillaries of a glomerulus are directly in contact with the lining of 
Bowman’s capsule. There is no interstitium. Throughout the kidney elsewhere, 
with one exception, tissue spaces separate tubules and vessels and these spaces 
often show the accumulation of fluid present in edema. The one exception is 
the fornix calicis (Fig. 1). At this point the ealical or, in unipapillary kidneys, 
the pelvie epithelium joins that covering the papilla at an acute angle and in 
this transition acquires endothelial properties by which a direct relationship 


to capillaries, very similar to that in glomeruli, is established. It is possible that 
under certain conditions of diuresis (Fuchs, 1936, 1937, 19388) or of peristalsis 
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(Narath, 1940), absorption of total urine may occur physiologically without 


fornical rupture. 


Fig. 


Overtaxation of the transportation system in extreme polyuria is prevented by 
means of the fornical apparatus. The progressive loss of muscular tonus of pyelon 
and calices during an increase in diuretic rate induces progressive extension of 
the fornical mucosa and fornical reabsorption sets in. Thus, such an amount of 
total urine as is excreted by the kidney in excess of the transportation capacity 
of the pyelon and ureter is reabsorbed by the fornical apparatus, and any increase 
in intrapelvic pressure that might interfere with continual renal excretion is 
prevented. The processes going on within the kidney have acquired independence 
of the facilities for urinary transportation toward the bladder. . . . Thus, renal 
excretion is independent of urinary retention. Protracted retention in coincidence 
with polyuria, as well as extreme polyuria alone, can create a discrepancy between 


diuresis (as subordinated to metabolic exigencies) and transportation facilities 


L) , 
Morn- shaped 


_ 
trans f wry 





Horn-shaped 


‘ al . b 
transflow , 





2.—Narath’s idea of physiologic transflow. (From Narath, P. A.: J. Urol. 43: 145, 


(as partly subordinated to the relations with the environment). That discrepancy 
is solved first by means of the tonus. After having reached the limits of tonus 
regulation, fornical reabsorption eventually sets in thus rendering the kidney 
rather free to do its excretive work. Thus homeostasis of intrarenal conditions 
is partly achieved by interpolation of the fornical apparatus between the kidney 
and the outside world. (Fuchs, 1944.) 

It is possible to rupture the fornix with syringe pressure as well as gravity 
methods in the course of retrograde pyelography and to press the contrast medium 
into the sinus renalis and even further up, injuring the venous system as we shall 
see later. I want to emphasize, however, that in our investigation the rise in 
pressure is produced by the kidney and the renal pelvis alone. If we still believe 
that we deal with a rupture of the fornix, then we must believe, too, that every 


1940.) 





SURGERY 


colic, even a slight one, ruptures the fornix of the calyx. I saw these absorptive 
processes starting, however, at a moment when the pressure was not felt at all 
by the patient or the increase in pressure caused only a slight discomfort. Further- 
more, there are observations reported in the literature which find their explanation 


only by an absorptive process. (Narath, 1940.) (Fig. 2.) 





Since pyelovenous backflow is possible physiologically (Fuchs and Narath), 
it would be much greater after ureteral obstruction. Winton (1937), after 
studying the relationship of blood pressure to ureteral pressure, put it as follows: 


It is clear that the experimental evidence, underlying the pressure-flow rela- 
lations which are implicit in the filtration-reabsorption theory, is far from satis- 
factory, and as long as this remains so, renal physiology can hardly be regarded 
as secure from an intrusion by the unexpected (p. 432)... . The simplest escape 
from these difficulties, compatible with the filtration-reabsorption hypothesis in 
its original, or in its modern form including secretion of some substances into the 
tubules, is to suppose that when flow from the ureter ceases, urine flow down the 
tubules still takes place, this urine leaking back into the blood at some _ point 


distal to the site of reabsorption of water (p. 429). 


The main controversy now hinges on the site or sites of this backflow or 


reabsorption. It may be refreshing to the reader to quote someone else’s ex- 


sition of it. (The Pathogenesis of Hydronephrosis, Sure., Gynec. & Obst. 
a) * 5 . 


58: 356-376, 1934.) 





In complete ureteral obstruction and to a minor degree in partial obstruction, 
multiple fornical ruptures occur and through them free flow of urine and trans- 
mission of pressure from the pyelon to the fluid within the sinus are established. 
When the pyelon is markedly distended, intra-abdominal pressure is transmitted 
through the peritoneum upon the pelvic contents and thence on the edema. Pres- 
sures of 300 mm, Hg may thus reach the tissue spaces of the kidney, though 
only intermittently and for short periods. The continuous intrapelviec pressure is 
about 30 mm. Hg in oliguria and about 70 mm. Hg in polyuria. Since soon after 
the onset of the transfornical edema polyuria becomes constant, only the latter 
value should be considered. The edema within the sinus compresses the veins, 
and cyanosis of the kidney results. As soon as pyelovenous backflow is established 
into the interlobar veins within Bertin’s columns, many flows are established be- 
tween the ruptured fornices and the veins. Along these flows there are pressure 
slopes from 70 mm. Hg down to near 0. Thus, the venous compression is partly 
relieved and venous blood flow resumed, the cyanosis disappearing. While pyelo- 
venous backflow involves many interlobar veins, it never involves all of them. 
Some interlobar veins are simply compressed by the edema which proceeds along 
the veins toward the corticomedullary boundary and thence along the interlobular 
veins toward the cortex and the subcapsular space. When this occurs, abundant 
lymphatic reabsorption sets in, the lymphatics being highly dilated. There is a 





pressure slope between the fornices and the subcapsular space, as the main place 
of lymphatic reabsorption. The pressure of the edema is lowest near the surface 
of the kidney while it is still rather high at the corticomedullary boundary. The 





relatively high pressure at the corticomedullary boundary is transmitted upon the 
tissue fluid within the pyramids along the convex vertical column. Thus the 
pressure of the transfornical edema is highest within the medulla (the pyramids). 
The pressure is lower within the cortex owing to subcapsular lymphatie reab- 
sorption, and it is also lower within most of Bertin’s columns owing to pyelovenous 
backflow occurring within them. ... In the third week of obstruction, with com- 
plete disappearance of the fornices, of course fornical rupture and pyelovenous 
backflow are a thing of the past. The transfornical edema disappears. The 
interstitial spaces are progressively filled by newly formed connective tissue. Dam- 
age to Malpighi’s corpuscles, while still comparatively slight, is irregular, some 
glomeruli working with a higher filtration pressure than others. Therefore, 
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glomerular filtrate produced in some part of the parenchyma reaches the pyelon 
and proceeds thence into collecting tubules of a different part of the parenchyma 
and finally reaches glomeruli with decreased or completely eliminated filtration 
pressure. A sufficient difference in blood pressure in two major groups of glomeruli 
causes back filtration into the low pressure glomeruli of the filtrate of the high 
pressure glomeruli. Thus, the flow of urine never ceases, pyelovenous backflow 
and lymphatic reabsorption having been substituted by glomerular back filtration. 


The circulating urine is rather identical with glomerular filtrate owing to the 


Fig. 3.—Pyelovenous backflow demonstrated by collodion (A and B) and Berlin blue. 
and B, from Hinman, F., and Lee-Brown, R.: J. A. M. A. 82: 607, 1924.) (C) Injections of 
» renal pelvis by way of the ureter (rabbit). (From Hinman, F., Morison, D., and Lee-Brown, 
ais. A. BES A. BES 277, PSRS-) 


wholesale tubular damage. The intermittent superimposition of intra-abdominal 
pressure brings about capillary collapse and destruction of most glomeruli after 
six to eight weeks of obstruction. However, some production, some flow, and 


some reabsorption of filtrate is going on even within the oldest hydronephrotic sacs. 


Morphologically the remains of the totally excavated pyramids are permanently 


separated from each other by the remains of atrophied Bertin’s columns and the 


adjacent compressed interlobar vessels. (Fuchs, 1944.) 
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The routes of backflow of pelvie urine mentioned can be demonstrated by 
retrograde injections of the renal pelvis. Complete filling of the venous system 
is possible by way of the ureter. The rupture can be shown to have recurred 
in the fornix calicis (Fig. 3). Collecting duets can be filled for a short distance 
only (Fig. 4), which would nullify the route via Henle loops even in the early 
stages before their destruction. The pressure required to cause rupture is lower 
than secretory pressure and once the route is opened, much lower pressures 
permit a backflow (Table Il). This is also shown by the drop of intrapelvie 
pressures when backflow starts within from thirty to sixty minutes as registered 
on a manometer occluding the ureter. It is possible, of course, that a backflow 
occurs from the dilated collecting ducts into the interstitium and then into veins 
or lymphatics, a route favored by Narath, but as yet not demonstrated by anyone. 
It is by this tubular route, however, that some backflow probably occurs after 
papillary ligation by which the pyelovenous route is closed (Fig. 5). 


TABLE IT. URETERAL BACK PRESSURE REQUIRED TO PRODUCE PYELOVENOUS BACKFLOW 
“APPEARANCE | 
TIME OF PHE- 
NOLSULFON- 


DURATION OF | STATIC INTRAPELVIC 
COMPLETE | PRESSURE OF PRESSURE OF 
| WEIGHT pegs | PHTHALEIN IN 
HYDRO- PELVIC | PYELOVENOUS | URINE OF 
| NEPHROSIS | CONTENTS | BACKFLOW feet dete 
| | OPPOSITE 
| | | KIDNEY 


ANIMAL 


Rabbit 4,500 Gm. 30 days 15 mm. He 10 mm. Hg 20 minutes 
Dog 28 Ib. 70 days 21 mm. Hg 15 mm. Hg 12 minutes 


(From Hinman, 


’., and Lee-Brown, R. K.: J. A. M. A. 82: 607, 1924.) 


Drainage of urine permitting continuation of excretion explains the mech- 


anism of hydronephrotie atrophy. This drainage may occur by the routes in- 


dicated in Table III. 


Some insight into the mechanics of hydronephrosis is obtained by studying 
blood flow and secretory pressure. Ureteral ligation lowers both. ‘‘There was 
a reduction in renal blood flow in each of the eight (hydronephrosis) experi- 


TABLE III. PROVED AND SUGGESTED PATHWAYS OF URINARY BACKFLOW FROM THE 
RENAL PELVIS 





PHYSIOLOGIC | PATHOLOGIC 


BACKFLOW AND 
REABSORPTION 
By way of the collect- Through retrograde distention (1) Through rupture of distended 
ing tubules with transudation into _peri- wall of tubule with extravasa- 
canalicular spaces (edema) and tion into capillaries or lym- 

absorption by capillaries or phaties 
lvmphaties (Narath) 2) Through slits and excavations 
of the torn papilla into tissue 
spaces around collecting tub- 

ules 








By way of the calical Through interstices of transitional Through ruptures directly into 
fornices epithelium (endothelial-like) veins or first into tissue spaces 
directly into veins or first into with extravasation into veins or 
tissue spaces and then after lymphatics 
hard or long extravasation into 
capillaries or lymphatics (oc- 
eurs in polyuria [Fuchs] and 
under circumstances simulating 
antiperistalsis [Narath], in both 
instances without ureteral ob- 
struction ) 


By way of the Bow- Extravasation through Bowman 
man spaces cavities whose glomeruli have 
low pressures 
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ments. The percentage reduction in flow varied from 23 to 66 per cent in the 


different experiments, the average being 41 per cent.’’ (Levy and others, 1937.) 


Ligation of a branch or partial obstruction of the renal artery has a similar 


effect. Ligation of the ureter and constriction of the renal artery speed up 
the process of hydronephrotic atrophy in spite of the diminution of blood flow 


and secretory pressure. If both were increased, what would the effect be? Pro- 


Fig. 4.—Photomicrograph of the collecting tubules at the apex of a pyramid in a sheep’s 
kidney showing the maximum amount of tubular injection it is possible to obtain without 
rupture of the pelvis. (From Hinman, F., and Lee-Brown, R.: J. A. M. A. 82: 607, 1924.) 


Fig. 5.—Low- and high-power photomicrographs showing the microscopic changes two 
weeks after papillary obstruction. The degree of dilatation is greater and the stage of hydro- 
nephrotic atrophy is more advanced (rabbit). (With Carroll.) (From Hinman, F.: Surg., 
Gynec. & Obst. 58: 356, 1934.) 


longed polyuria dependent on greater blood flow and faster secretion might 
hasten hydronephrotie atrophy and prolonged oliguria might slow it down. 
Surprisingly, however, neither condition has any effect on the rate of progress. 
That in polyuria the function of the compensatory kidney is not in any way 
related can be shown by unilateral splanechnotomy (Table IV). Increasing the 
activity of a kidney with a tied off ureter has no effect on the standard rate of 
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TABLE IV 














| WEIGHT OF 








DURATION a | MEASUREMENTS OF KIDNEY (IN CENTIMETERS ) wherein 
DAYS) RABBITS / Dee ee a ef ces CAPACITY 
aniale ( KG. ) | LENGTH DEPTH WIDTH (C.0.) 








A. Measurements of Hydronephrotic Kidney in Rabbits After Total Ligation of Left Ureter 
(Control Series) 








7 4 a3. )* 3.5 (0 ) 3.3 (3) 4 
14 2.72 4.3 (0.55) 3 (0.48) 2.8 (0.74) 6 
21 4 5... {03') 4.4 (0.4 ) 3.8 (0.76) 14 
28 3.02 9 (1.18) 3.4 (0.38) 3.5 (1.21) 3 
56 3 5.2 (1.36) 3.7 (07 ) 3.5 (1.22) 25 
90 2.89 5.5 (1.8 ) 3.8 (0.91) 3.6 (1.41) 33 








B. Measurements of Hydronephrotic Kidney After Total Ligation of Left Ureter and 
Splanchnotomy on the Same Side 
7 3.07 4.2 (0.27)t 3 (0 ) 2. 














7 (O.07 ) o 
14 4.09 5.6 (0.37) 4.6 (0.51) 5.7 (0.6 ) 10 
21 2.89 4.8 (1.11) 3.2 (0.31) B00 44.1 ) 14 
28 O.44 5.0 (1.10) 4 (0.56) 3.9 (1.29) 16 
56 3.29 5.0 (1.34) 4.1 (0.85) 3.7 (1.23) 20 
(From Hinman, F., and Hepler, A.: Arch. Surg. 11: 578, 1925.) 


*The figures in parenthesis indicate the actual increase in size of the kidney. They are 
obtained by proportioning the weight of the animal and the measurements to those of a normal 
rabbit weighing 2.5 kg., whose left kidney is 3.2 cm. deep and 1.9 cm. wide. 

7The figures in parenthesis indicate the actual increase in size when the measurements 
are proportioned to the animal’s weight, using as a normal standard a rabbit weighing 2.5 
kg., whose left kidney is 3.2 cm. long, 2.5 em. deep, and 1.9 cm. wide. 


development of hydronephrosis. What unilateral oliguria per se would do has 
so far been beyond experimental tests. 
CONCLUSION 
The structural and functional changes occurring in hydronephrosis have 
never been correlated. No one knows whether or not the activity of a kidney 
with complete obstruction of its ureter is similar to that of one with a com- 
parable degree of hydronephrotie atrophy following partial ureteral obstruction. 
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HYDRONEPHROSIS 
II]. HypRONEPHROSIS AND HYPERTENSION 


FRANK HinMAN, M.D., SAN FrRANcisco, CALIF. 
(From the Division of Surgery, Subdivision of Urology, University of California 
Medical School) 


pr manaenneesnie has two possible connections with hydronephrosis. Some- 
times it might be an accelerator, at other times, an effect. The experiments 
on the flow of blood and on general hypertension (brain operations, ete.) indi- 
‘ate, however, that hypertension does not increase the rate of progress of hydro- 
nephrotic atrophy, a conclusion supported by clinical studies. Hydronephrosis 
develops in patients with essential hypertension according to rule and in no 
way differently from its development in other patients. High blood pressure 
has no influence upon the mechanies of hydronephrosis. 

The changes of hydronephrosis, however, could well have an effect on blood 
pressure. The factors supposedly responsible for hydronephrotie atrophy could 
act to promote renal hypertension. Renal ischemia, however, is not the essen- 
tial factor, as was formerly thought. In fact, it is not yet known how constric- 
tion of a renal artery causes hypertension. Furthermore, the experimental 
investigations on the effect of ureteral ligation on blood pressure are mostly 
negative. All attempts (Hartwich, 1930; Megibow and others, 1940, 1942) to 
produce permanent hypertension by the simple ligation of one ureter have been 
unsuceessful. Clinically, also, hypertension is uncommon in simple hydronephro- 
sis. It is an unexpected complication. The same causes of renal hypertension 
supposedly present in other pathologie conditions, such as atrophic pyeloneph- 
ritis for example, occasionally occur with hydronephrosis also; but apparently, 
however, they do not oceur in a way so connected with the mechanism of simple 
hydronephrotie atrophy as always to produce hypertension. Nephrectomy per- 
formed for unilateral atrophie pyelonephritis brought the blood pressure to nor- 
mal in six of ten patients of Nesbit and Ratliff, but in only seven of seventy- 
six patients of Weiss and Chasis, 19438. It is seen that the renal origin of hyper- 
tension is very uncertain. 

Renal hypertension appears to depend upon the ratio of ischemic to normal 
kidney tissue. In hydronephrosis both of these factors are affected. The initiating 
process is a rise in ureteral and intratubular pressure which decreases renal blood 


flow and therefore may produce true renal ischemia. Of course, the other modifica- 
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tions in renal blood flow which occur in renal artery ligation are also produced 
to some extent in hydronephrosis. The amount of renal ischemia varies with the 
duration and intensity of the decreased blood flow. The increased intratubular 
pressure also results in a certain amount of hydronephrotic atrophy of the normal 
renal parenchyma. The magnitude and course of the resulting hypertension depends 
upon these two factors as well as the compensatory increase in normal renal tissue 
in the opposite kidney. This phenomenon of contralateral compensatory renal 
hypertrophy explains the occurrence of transitory hypertension in unilateral hydro- 
nephrosis. Thus, two fundamental processes advance simultaneously in the same 
kidney to increase the amount of ischemic and to decrease the amount of normal 
renal substance. Just as in renal arterial constriction, so it is possible that in 
hydronephrosis, renal excretory insufficiency may develop without the occurrence of 
hypertension if the decrease in normal parenchyma is inordinately greater than 
the amount of ischemic renal tissue. In such an event the process leads primarily 
to destruction of normal kidney tissue, and this may become great enough to 


simulate complete nephrectomy. (Megibow, Katz, and Rodbard, 1942.) 


The foregoing considerations give little encouragement for the cure, by 
means of nephrectomy, of hypertension occurring in unilateral hydronephrosis. 
Only a few eases have been reported (Nesbit and Ratliff, three patients, aged 
37, 24, and 20 years; Bartels and Leadbetter, one patient). This knowledge 
might encourage the so-called conservative surgery of hydronephrosis, that is 
an attempt to repair every kidney not entirely destroyed. In addition to the 
argument of common sense against such a policy, however, there is a real danger 
that the surgical repair will itself so alter the mediators of blood pressure as to 
‘ause hypertension later on. Why this should oceur is obscure but the report 
of Case 1 is an example. 


CASE 1.—A 20-year-old carpenter had a successful Y-plastic repair and nephropexy of 
an uninfected left hydronephrotic kidney, Feb. 27, 1935. After operation the urine remained 
clear and uninfected, and the patient did well for five years. In 1940, he began to have 
headaches and nausea. The blood pressure, April 15, 1940, was 160/100; Nov. 3, 1940, 
lying, 178/116; sitting, 180/116; standing, 174/114; and Jan. 20, 1941, 194/96; 200/122; 
192/118. The relative function (the urine from both sides was clear and negative micro- 

) 


scopically) on the right side was 17 + 5 = 22 per cent and on the left (repaired) side, 


5 +2 = 7 per cent, or essentially the same as in 1935 both before and after the plastic 
operation. There was no urinary infection and no history of it. Left nephrectomy was done, 
Jan. 25, 1941. Two days later blood pressure was 170/110; Jan. 31, 1941, one week after 
operation, it was 130/84, and Jan. 20, 1944, two years later, it was 130/82; the patient had 
remained continuously well. Fig. 1 shows the kidney and Fig. 2, a microscopic section of it. 


The patient was last seen Nov. 15, 1944, and at that time was well. 


As might be expected, hypertension is somewhat more common in the pres- 
ence of bilateral hydronephrosis. Comparison of the blood pressures of nine 
rats ‘‘with spontaneous hydronephrosis’’ with those of 1,207 normal rats showed 
that all four of those with bilateral and three of the five with unilateral hydro- 
nephrosis had hypertension also (Williams, Wegria, and Harrison, 1938). The 
age of the patient may be a factor in the incidence of hypertension in both uni- 


lateral and bilateral hydronephrosis. Compensatory hypertrophy is much less 
marked in older people, and is almost absent in the bilateral condition. Perhaps 


Wakerlin is right in saying, ‘‘only future work ean determine whether essential 
hypertension is a generic classification one group of which may be of renal 
origin.’’ 

In 260 cases of hydronephrosis at the University Hospital from 1937 to 
1941, inclusive, 212 patients had normal blood pressures and 48 had hyperten- 
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sion. Of the 212 patients, 162 had unilateral and 50, or 23.5 per cent, had 
bilateral hydronephrosis. Of those with hypertension, 30 had unilateral and 
18, or 37.5 per cent, had bilateral hydronephrosis. The ages of those in the 


Fig. 1.—Renal hypertension. Photograph of the kidney removed five years after the 
plastic ureteropelvic repair of a hydronephrosis because the patient suddenly developed renal 
hypertension. 


Fig. 2.—Photomicrograph from the specimen shown in Fig. 1, showing some interstitial 
fibrosis and some epithelial atrophy in convoluted tubules. The glomeruli are large. So slight 
is the evidence of inflammation that a complicating atrophic pyelonephritis would not seem to 
have been the factor in the onset of the hypertension. Furthermore, there had been no loss 
of function before nephrectomy, and the bladder urine had been continuously free from infec- 
tion for five years. 


bilateral groups are shown in Table I. Twenty-two of the patients with hyper- 
tension and unilateral hydronephrosis were operated on with results as shown 
in Table II.* 


*I wish to acknowledge my debt to Lieutenant H. L. Harrington, Medical Corps, 
U.S.N.R. for his thorough compilation of the hospital records. 
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TABLE |] 


WITH NORMAL PRESSURE WITH HYPERTENSION 





Under 20 3 
20 to 54 : S 
55 to 64 3) 

22% over 54 L 38.8% over 54 
65 and over : 4} 
Total : IS 





TABLE II. RESULTS OF OPERATION IN TWENTY-TWO PATIENTS WITH HYPERTENSION AND 
UNILATERAL HYDRONEPHROSIS 








| RESULT 
NUMBER OF | —_—— : a 
NO RECORD | DIED 





OPERATION | HYPERTENSION | ILYPERTENSION | 
| | UNAFFECTED | REDUCED 
9 Nephrectomy : 1 a 2t 
3 Plastic repair 
5 Lithotomy ‘ 
3 Prostatectomy 1} 
1 Accouchement 
1 Bilateral splanchnotomy 


99 


PATIENTS 








*Large left hydronephrosis due to impacted stone in ureter; left nephrectomy ; blood 
pressure before, 154/90 to 160/94, after, 110/70 to 138/84. Woman, 51 years old and very 
nervous. 





7One from embolism and one from bronchopneumonia. 

¢Ten days after transurethral resection there was cardiac failure. 

Only one of nine patients had a reduction of blood pressure following 
nephrectomy for unilateral hydronephrosis and it is doubtful that the opera- 
tion had a direct relationship to the reduction in this one patient. 

Compensatory hypertrophy is a change of pathogenic significance in hydro- 
nephrosis and also perhaps in hypertension. Like all glands the kidneys have 
a reserve power of function which takes care of the many demands of overwork. 
The ordinary periods of such hyperactivity produce no structural changes. 
If they are prolonged, however, certain components of the glomerulo-tubule 
undergo hypertrophy. Glomerular and convoluted tubular parts of the unit 
enlarge under increased stimulation. Medullary loops and collecting ducts 
change little. Unilateral ligation of the ureter is followed by compensa- 
tory hypertrophy of the opposite kidney just as in unilateral nephrectomy, 
and this compensatory hypertrophy is no different from that which follows 
ureteroduodenostomy or an ureterovenous fistula (Rodbard and Katz). Only 
in these two latter instances the useless kidney, the urine from which is poured 
back into the circulation, hypertrophies at first to the same degree as its com- 
pensatory mate. Hydronephrotic kidneys, therefore, receive the same overstim- 
ulation as their compensatory mates. This is the reason that some units, during 
certain stages of hydronephrotie atrophy, show hypertrophy or, at least, are 
kept more active and resistant. It is also reason for the rarity of hypertension 
with hydronephrosis. Furthermore, it explains in part the failure of some hydro- 
nephroses to progress. Maatz found five such ‘‘stationary’’ hydronephroses 
among thirty-two studied. This overstimulation of a hydronephrosis will dis- 
appear, however, when the mate has fully compensated by hypertrophy to carry 
the overload. 

CONCLUSION 

Hypertension does not increase the rate of progress of hydronephrotie 
atrophy. 

Hydronephrosis rarely causes hypertension. 

The later changes in a kidney which has been repaired for hydronephrosis 
may cause hypertension. 
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An important factor in the incidence of renal hypertension is the degree 


of compensatory hypertrophy. 
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THE PRINCIPLE OF EXCISION AND DISSECTION IN CONTINUITY 
FOR PRIMARY AND METASTATIC MELANOMA OF THE SKIN 


GEORGE T. Pack, M.D., ISaBeL SCHARNAGEL, M.D., AND 
Mason Morrit, M.D., New York, N. Y. 


(From the Mixed Tumor Service of the Memorial Hospital for Cancer and Allied Diseases) 


HE only proper treatment for malignant melanoma of the skin is wide 

surgical excision. This tumor possesses such a degree of radio-resistance, that 
x-ray and radium should never be employed in treatment as long as the tumor 
remains in an operable stage. The melanoma is as resistant as the skin which 
contains it; ecauterizing doses of irradiation are necessary to destroy even the 
primary tumor and for this purpose x-ray and radium hold no advantage over 
any other form of cautery. We prefer wide surgical removal by sharp dissee- 
tion. It should be possible in those instances in which the malignant melanoma 
has not yet metastasized to effect a cure, providing local surgical removal is 
radical enough in its scope. Unfortunately, the true nature of the disease is 
often unrecognized by the surgeon, so that a most conservative removal is first 
employed under the incorrect assumption that a benign nevus is being removed. 
An early local recurrence is the rule in such instances. The frequency of this 
occurrence has often led to an incorrect appreciation of the importance of re- 
moving premalignant pigmented nevi. When a pigmented mole is completely 
removed it never recurs as malignant melanoma. The reason this paradox is 
thought so often to occur is that a malignant change has already occurred 
in the nevus at the time the patient presents himself for treatment; in fact, this 


Received for publication, Jan. 25, 1945. 











850 SURGERY 


change is often the reason for the patient’s decision to consult a physician. 
Such changes as a slight increase in pigmentation, ulceration, increased rate of 
growth, tenderness, bleeding, or change in color may induce the patient to seek 
surgical consultation. 

The average patient with malignant melanoma who applies to the Memorial 
Hospital has already had a conservative local operation for the disease. If the 
melanoma is situated on the trunk, thigh, or upper arm, it is sometimes possible 
to remove it with sacrifice of a very large segment of skin and still effect primary 
closure of the wound without skin grafting. This is done by dissecting the skin 
flaps back widely on either side and making the incision relatively long. The 
removal of a liberal segment of skin containing the tumor with a wide dissection 
of subcutaneous tissues and deep fascia overlying the muscles may make it 
possible to give sufficient relaxation so that the wound margins can be approxi- 
mated under tension without grafting. It is the rule, however, on the mixed 
tumor service, that all malignant melanomas situated on the hands, feet, lower 
legs, forearms, and head and neck are to be removed with such wide sacrifice of 


skin that grafting becomes necessary. In the case of the face it may be possible 


to restore the defect by some plastic procedure such as sliding or transposed 
flaps. The constant observance of this rule has caused our surgeons never to be 
tempted to do less of an operation than one sufficiently radical for removal of 
a primary melanoma. Within certain limits it is not much more difficult to skin 
graft a large wound than it is a small one. Therefore, there is no inducement 
for the more conservative excision. 1If the melanoma metastasizes by way of the 
blood stream to the viscera, then all hope of eure by any method must be 
abandoned. But if the melanoma metastasizes via the lymphatics to regional 
lymph nodes it is still possible to plan a surgical procedure which will remove 
both the primary melanoma and the secondary manifestation of the disease in 
the regional lymph nodes and give the patient an opportunity for survival. In 
the past several vears we have consistently planned each operation for melanoma 
to include en masse both the primary and metastatic tumors by the procedure 
which we refer to as excision and dissection in continuity. 


THE PRINCIPLE OF EXCISION AND DISSECTION IN CONTINUITY 

The first well-planned operation for caneer was conceived independently 
by William Halsted and Willy Meyer for carcinoma of the breast. No surgical 
principle to date has been more important than the one conceived for radical 
mastectomy because this operation allows for the removal of the primary cancer, 
the secondary deposits of the cancer in regional lymph nodes, namely, the axilla, 
and the intervening lymphatics en masse. The wide scope of fascial removal and 
the radical sacrifice of skin intervening between the breast and the axilla ensures, 
as far as is surgically possible, a complete removal of the primary cancer and 
the first relay in its metastasis. 

Sir Ernest Miles, in his conception of the radical operation for cancer of the 
rectum in 1908, applied the same principle. The abdominoperineal rectal resee- 
tion by the classical technique of Miles included removal of the pelvie colon, 
the rectum, the anus, the mesentery of the colon, and all of the perirectal tissues 
containing the lymph nodes and lymphatics into which rectal cancer first 
metastasizes by way of the lymph stream. In this instance the operation has not 
been improved upon and remains the procedure of choice after thirty-five years. 
There are very few other locations where this principle of excision and dissection 
in continuity has been successfully applied. Radical vulvectomy for epithe- 
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liomas of the vulva, as conceived by Bassett, was a step in this direction be- 
cause it included bilateral groin dissection with removal of the vulva. When this 
operation is done as a single-stage procedure with removal of the skin of the 
groin and vulva, and radical dissection of the lymph nodes in both croins, the 
operation is good indeed because the excised tissue includes not only the primary 
cancer and the lymph nodes containing possible metastases but the intervening 
lymphaties and surrounding skin as well. 

For cancer of the stomach the principle is too radical to find universal 
employment at this time, so the majority of gastrie cancers are removed by 
partial gastrectomy. The disadvantages of total gastrectomy are too numerous 
to be recounted here, but the operation is a feasible one, as has been proved by 
its adoption for certain advanced gastric cancers which can only be taken care 
of by this radical procedure. The reason for mentioning total gastrectomy is 
that the operation can be performed to correspond with the complete procedures 
as described for the breast, rectum, and vulva, namely, removal of the entire 
organ including the great omentum and the four major groups of perigastric 
lymph nodes into which the first relay of lymphatic metastases are deposited. 

The operation of excision and dissection in continuity for primary and 
metastatic tumors cannot be successfully employed for cancers of the oral 
cavity, pharynx, nasopharynx, and accessory nasal sinuses. The only cancers 
in this group which ean possibly be treated by this principle are certain epithe- 
liomas of the lower lip in which a radical excision of the lower lip together with 
the skin of the chin may be done and continued down to inelude a bilateral 
suprahyoid neck dissection. In this procedure the intervening lymphaties are 
removed between the primary epithelioma and the lymph nodes into which 
it metastasizes first. In the case of cancers of the tongue, tonsil, nasopharynx, 
ete., it is of course possible to obtain cures of the primary tumor and also to 
control the patient by subsequent neck dissection or radiation therapy of cervical 
lymph nodes containing metastatic cancer. However, it must be pointed out that 
in all these situations there are intercalated lymph nodes in the lymphatie path- 
ways between the primary cancers and the main group of cervical nodes; these 
small nodes may contain metastatic foci of cancer which are not accessible to 
surgical extirpation. This does not suggest that cure is not possible under these 
circumstances, but the ideal principle under discussion cannot be applied in 
tumors of the head and neck, as has been said, except in the case of epitheliomas 
of the lower lip and of the inferior alveolus when jaw resection is added to 
neck dissection. 

The same surgeon who will invariably perform a radical mastectomy or 
an abdominoperineal rectal resection for cancers in these locations apparently 
is content to perform the most limited type of excision for malignant melanoma 
of the skin. This tumor tends to recur locally with such a high frequency and to 
metastasize to regional nodes with such a high incidence that it is imperative 
for every surgeon treating this tumor to realize the extreme importance of 
applying radical surgical principles in its care. The operation, therefore, should 
be planned to be as radical as that for other types of cancer. This requires 
considerable ingenuity because the malignant melanomas are so variable in their 
location and drain into so many different groups of regional lymph nodes. The 
treatment of this tumor, therefore, necessitates careful study of the anatomy of 
the lymphatics of the skin in all parts of the body. 

If the melanoma is situated closely adjacent to the group of lymph nodes 
into which it may metastasize, then the scope of the operation may be so planned 
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as to enable the surgeon to remove the primary melanoma and the regional 
lymph nodes in one encompassing excision of skin and deeper structures. The 
procedure entails a wide sacrifice of skin surrounding the melanoma and an 
extension of this skin excision to include the skin overlying the regional lymph 
nodes. The skin flaps are then dissected widely back, and in so doing, the sub- 
cutaneous tissues are stripped from the skin. The underlying fascia is then re- 
moved, together with the specimen from the muscles, and the dissection carried 
to the lymph node-bearing regions where a meticulous and radical dissection 
is earried out. Various bizarre-shaped incisions will result, depending on the 
exact location of the melanoma. As a rule, the wide dissection of the skin and 
removal of so much subcutaneous fat and fascia will enable the surgeon to ap- 
proximate the skin margins without employing a skin graft. The excised 
surgical specimen includes, therefore, in continuity, the primary melanoma, the 
skin surrounding it, the subeutaneous tissues and fascia containing the lym- 
phaties intervening between the melanoma and the regional lymph nodes, all of 
the fat, Ivmphoid, and areolar tissues in the region of the first relay of 
metastases. 

This procedure, of course, is not feasible where a long distance intervenes 
between the primary tumor and the regional lymph nodes. For example, in the 
case of the subungual melanoma of the finger or toe with metastasis to the 
axillary or inguinal lymph nodes, the average surgeon is loath to apply a prin- 
ciple so radical as the removal of the entire limb. The disarticulation of this 
limb, together with a groin or axillary dissection, is probably the only way of 
offering the patient the maximal degree of safety. Although we have done 
this for some patients with conditions suggesting a bad prognosis, it is our usual 
practice under these circumstances to amputate the finger or the toe and later 
to do a radical axillary or groin dissection. There is a very great hazard that 
recurrence of the melanoma may develop in the intervening space between the 
finger or toe and the axilla or groin; it is not difficult to understand this likeli- 
hood and to realize that melanoma cells have been compelled to travel, usually 
by embolism, the long distance intervening between the digits and the lymph 
nodes in the axilla or groin. It would not be entirely unexpected to find that 
some of these cells have lodged somewhere in the intervening lymphaties; their 
subsequent growth and development seem to be abetted by the lymph stasis 
which always occurs to some degree after the radical removal of the lymph nodes. 
If any nodules do develop on the arm or leg following this procedure then noth- 
ing short of a disarticulation should be considered. 

The operation which we have termed excision and dissection in continuity 
of primary and metastatic melanomas to regional nodes may be applied for all 
malignant melanomas situated in the skin draining into the cervical lymph 
nodes, the axillary lymph nodes, and the inguinal lymph nodes. For example, 
malignant melanoma involving the skin of the lower half of the face, the lower 
lip and chin, the upper chest, and the neck may be removed in continuity with 
a radical neck dissection by the procedure just outlined. Melanomas involving 
the superior two-thirds of the upper arm, the pectoral region, scapular region, 
the axillary skin, and the skin in the infra-axillary region may be removed in 
continuity with a radical axillary dissection by the procedure just described. 
Melanomas involving the superior two-thirds of the thigh, the skin of the 
buttocks, or the iliac quadrant of the abdomen may be removed in continuity 
with the radical groin dissection. Malignant melanomas involving the skin of 
the anus and the genitals, both male and female, may be removed in continuity 
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with the lymph nodes in both right and left inguinal regions by a combination 
excision with bilateral groin dissection. Even under the most advantageous of 
circumstances in which every precaution is taken by the surgeon, the eurability 
of the disease is, of course, not absolute. For a principle which has found its 
place so firmly established in the treatment of malignant tumors of other organs 
it is found that its routine application in the case of the malignant melanoma 
should be considered, because this tumor is one of the most dangerous in the 
entire category of neoplastic diseases. 

But in the case of melanomas of the inferior extremity, a multiple-stage 
procedure must usually be worked out. We have found from experience that 
it is unwise to remove a melanoma or epithelioma of the foot and at the same 
time dissect the groin even though metastases are evidently present, because 
even here there may be metastases en route. 

It requires a nicety of Judgment to decide on the interval of inaction when 
metastases are known to be present, and even then the wrong decision may be 
made. Ten to fourteen days at the most are permitted to elapse before the 
second stage or groin dissection is accomplished. In the past, the primary 
cancer, for example, a melanoma on the foot, and the lymph nodes in the groin 
have been removed at a single operative seance only to be followed in too many 
instances by the appearance of innumerable subeutaneous and intracutaneous 
nodules along the lymph pathways in the leg or thigh. It is our belief, based 
on theory substantiated only by personal experience, that the lymph nodes 
in the groin should remain to exercise their function as cateh basins or filters for 
cancer cells which may be metastasizing at the time the primary cancer is re- 
moved. The groin dissection should not be postponed too long, if metastases 
are clinically evident ; otherwise the hazard exists of secondary metastasis to the 
next higher relay or chain of nodes, too far removed superiorly to be surgically 
excised. 

The interval between the first appearance of the primary lesion and the 
known recognition of metastasis in lymph nodes of the groin is not the same for 
all malignant tumors. In the Memorial Hospital series, the interval for epider- 
moid carcinoma is thirty months, and for malignant melanoma only fifteen 
months, which is in agreement with the usual greater degree of malignaney and 
the more rapid growth of melanoma. At the two extremes, there is one case re- 
port of an instance in which metastasis in the inguinal nodes appeared twelve 
years after an epithelioma of the foot had been treated and other examples of the 
simultaneous discovery by the patient of a primary melanoma of the clitoris or 
vulva and enlarged inguinal nodes, obviously the site of metastatic deposit. 
The delayed enlargement of these nodes after a lapse of several vears indicates 
that metastases had been present all the time but remained dormant or latent 


for some unexplainable reason. 


ELECTIVE GROIN DISSECTION 


The caption ‘elective’? is a misnomer that is used here for want of a better 
term. The operation called by this name refers to the elective removal of 
lymph nodes in the groin even though they are not palpable and there is no 
clinical evidence of metastases being present. It is our opinion that this dissee- 
tion should be done routinely for all melanomas of the extremity and genitals. 
In a group of seven dissections of this type for melanomas of the lower ex- 
tremity, two of the patients were found to have microscopically identifiable 
melanoma in the inguinal lymph nodes even though the surgeon at the time of 
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operation found no gross evidence of involvement. In another group of ten 
similar axillary dissections for melanoma of the upper extremities, five, or 50 
per cent, of the series showed microscopic evidence of metastases to the lymph 


nodes even though there was no gross evidence determinable preoperatively or 


during the course of the operation. It is our contention that this early operation, 
although needlessly done in some instances, affords the patient with metastatic 
melanoma in the groin a better and earlier opportunity of cure. It seems reason- 
able that the fewer lymph nodes involved and the earlier the involvement, the 
better will be the prognosis. In the ease of epidermoid carcinoma, occurring in 
the lower extremities, this routine dissection is never performed, as one waits 
until there is evidence of involvement. The reason is that this type of cancer 
does not so frequently metastasize to inguinal nodes and there is a natural 
wish to avoid unnecessary operations of this major character. For epitheliomas 
of the scrotum and vulva, however, it is our belief that the bilateral inguinal 
dissection is constantly indicated, even in the absence of palpably enlarged 
lymph nodes. 

There is no urgency in doing this groin dissection as an elective procedure, 
as we have shown that an average time of fifteen months clapses from the time 
the primary melanoma is recognized before metastasis in inguinal nodes are 
apparent. As a rule, six weeks are permitted to elapse after the primary 
melanoma has been surgically excised before the second stage or elective groin 
dissection is done. Patients who refuse this procedure are kept under close 
and frequent observation. This principle of elective groin dissection is based 
on a study made several years ago of all malignant tumors of the extremities, 
which revealed the distressing information that radical dissection of the primary 
melanoma often was not curative in itself, even in patients in whom no regional 
lymph nodes were palpable, because a considerable number of these patients 
would return duing the observational period with large confluent nodes contain- 
ing metastatic melanomas which were not observed at the previous visit. 


CASE REPORTS 


CasE 1.—J. G., a 39-year-old white man, had long been aware of the presence of a flat 
pigmented mole, minute in size, involving the skin of the left upper arm, but because of a 
slight itching and bleeding of a month’s duration a physician electrodesiccated this supposed 
nevus about fifteen months prior to the patient’s application to the Memorial Hospital. One 
year later a small nodule was felt close to the insertion of the left pectoralis major muscle. 
It was surgically removed through a small incision at another institution; under the micro- 
scope it was found to be metastatic melanoma in a small lymph node. 

Physical Examination: On admission to the Memorial Hospital a flat thin scar was 
noted on the anterolateral aspect of the left upper arm a short distance above the elbow. 
It was approximately the size of the usual vaccination scar. A small, macular, pigmented spot 
was observed on one margin of the scar, but there was no palpable tumor. There were no 
significantly enlarged lymph nodes in the left axilla. A roentgenogram of the chest revealed 
no evidence of pulmonary metastasis. 

Diagnosis.—Malignant melanoma of the skin of the arm with metastasis to the axillary 
lymph nodes. 

Treatment.—Because the operative scars from the procedure performed on the primary 
melanoma and the metastatic melanoma in the regional lymph nodes were so small, it was 
decided to perform a more radical surgical excision of the primary site of the melanoma. 
This was done by making an elliptical incision through the skin from a site below the 
original sear to include a wide segment of skin surrounding this scar and extending up to the 
anterior aspect of the arm in such a way as to include the skin of the axilla. The skin 
flaps were dissected widely back and the fascia over at least 50 per cent of the circumference 
of the arm and anterior shoulder were removed, together with all of the axillary contents. 
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Cc. 


Fig. 1 (Case 1).—Malignant melanoma of skin of arm. A, Photograph on admis- 
sion. Scar following electrodesiccation of melanoma in skin of left upper arm above 
elbow, and scar of excision of small lymph node which contains metastatic melanoma. B, 
Photograph of surgical wound, showing extent of operation. Note tightness of wound due 
to great sacrifice of skin. (©, Photograph of healed axillary and arm wound. There is only 
slight disfiguration and no impairment of motion. 
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Fig. 2 (Case 1).—To illustrate the principle and scope of the incision and dissection in 
continuity of a primary melanoma of the arm with metastasis to axillary lymph nodes. The 
relative amounts of skin and deep fascia removed in this operation are shown. 








Fig. 3.—View at operation in another patient 
medial aspect of the right upper arm with metastasis to right axillary lymph nodes. After 
sacrifice of a continuous and liberal segment of skin, the flaps are dissected widely back to 
permit the removal of fascia, lymphatics, and the axillary contents. 


who had a recurrent melanoma on the 
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Because of this great development of skin flaps it was possible to approximate the wound 






margins and to secure primary wound healing; the wound was under considerable tension, 





but no skin grafting was necessary. 





Pathologic Report.—There was no evidence of recurrent melanoma in the scar where the 





electrodesiccation had been done; the residual pigment was phagocytized melanin. Numerous 





axillary lymph nodes contained metastatic melanoma, 






CASE 2.—E. R., a 44-year-old white woman, had been aware for five years of the 





presence of a bluish intracutaneous nodule situated on the left upper anterior chest just be- 





low the inner third of the left clavicle. Two and one-half years prior to admission to the 





Memorial Hospital this nodule increased in size and was surgically removed at another in- 





stitution. A local recurrence developed within eleven months and a second surgical excision 





was performed at the same institution. Three months later still another recurrent nodule 





developed adjacent to the scar of the original excision, and this was also removed. All of these 





operative procedures were of minor extent, just large enough to encompass the tumor and 





effect. wound closure. The longest incision was only 5 em, and the underlying fascia had not 






been removed. Six months before entrance to the Memorial Hospital she observed some 





enlarged lymph nodes in the left supraclavicular space. 










B. 





Fig. 4 (Case 2).—A, Combined left supraclavicular and left axillary dissection with 
excision of a malignant melanoma of the skin in the anterior pectoral region. This melanoma 
had metastasized to both regional groups of lymph nodes. B, Same patient after healing 
of the wound. 





















skin on the left upper 





Physical Examination.—A short linear scar was seen in the 
anterior chest wall below the clavicle. There was no evidence of tumor in the immediate 





There were several large freely movable lymph nodes in the left supra- 





region of the scar. 
clavicular space extending into the posterior cervical triangle. There were also some discrete, 
The axillary lymph nodes were in the lower 





large, firm lymph nodes in the left axilla. 
the apical axillary lymph nodes were not clinically enlarged. On 





and anterior axillary groups; 
aspiration biopsy one of the supraclavicular lymph nodes was reported by Dr. Fred Stewart, 





the pathologist, as a nonpigmented melanoma. A roentgenogram of the chest revealed no 





evidence of pulmonary metastasis. 





Presumptive Diagnosis—Melanoma of the skin of the chest with metastasis to the 





left supraclavicular lymph nodes and left axillary lymph nodes, 





Treatment.—The lymphoid metastases from the primary melanoma had evidently ap- 





peared in two directions, upward to involve the lymph nodes in the lower neck and laterally 
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Fig. 5 (Case 2).—To planned skin incision and scope of fascial and 


illustrate the 
regional lymph node dissection for a melanoma of the anterior pectoral region metastatic to 


axillary and supraclavicular nodes. 





Fig. 6 A (Case 3).—Malignant melanoma of skin overlying sternum with bilateral axillary 
metastases. A, Photograph showing location and minute size of primary melanoma. 
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and downward to drain into the lower axillary lymph nodes. From the distribution of these 


enlarged nodes it did net seem possible that there was a direct communication or extension 


through the apex of the axilla to the nodes beneath the clavicle. Therefore, an operation 


was planned which included a wide removal of the skin of the chest wall in continuity with 
that of the neck and left axilla. The skin flaps were dissected widely back and the sub- 
cutaneous tissues and fascia overlying the pectoral muscles, the clavicle and the lower 
two-thirds of the left neck as well as the left axilla were surgically removed, together with 
the underlying lymph nodes, The dissection in the neck was of a radical character and 
extended as high as the submaxillary and digastric nodes on the left side. Only the lower 
lymph nodes in the left axilla were found to be involved. The apical and upper groups of 
nodes were microscopically free of tumor. Because of the development of skin flaps it was 
possible to approximate the skin margins and thereby effect a primary wound closure. No skin 


or 
gr 


afting was necessary. 


C. 


Fig. 6 B and C (Case 3.)—Malignant melanoma of skin overlying sternum with bilateral 
axillary metastases. B, Photograph at operation showing development of skin flaps, plan of 
incision, scope of fascial removal, and bilateral axillary dissection in continuity. C, Primary 
wound closure. 
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Pathologic Report.—The lymph nodes in the supraclavicular space and in the lower 
axilla were found to be replaced by metastatic melanoma. 


CasE 3.—E. R., a 41-year-old white man, stated that a small pigmented mole had been 
present since birth on the skin overlying the upper sternum. He insisted that this mole 
was the same as it had always been according to his knowledge, and at no time had it shown 
any unusual changes. His chief complaint was the presence of lumps in both axillae, of 
which he had recently become aware. The family physician suspected the character of these 
enlarged lymph nodes and referred him to the Memorial Hospital. 

Physical Examination.—The patient was a vigorous adult man in excellent health. 
Situated in the skin overlying the upper sternum was a small, deeply pigmented nodular 
lesion. It measured only 1 cm. in diameter; it was nonulcerated and apparently quite super- 
ficial. Both axillae contained large, firm discrete lymph nodes. 
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Fig. 7 (Case 3).—To illustrate the length of incision, the comparative amount of skin 


and fascia removed, and the general scope of the operation for excision and dissection in 
continuity. 


Presumptive Diagnosis ——Melanoma of the skin of the chest wall with bilateral axillary 
metastases, 

Treatment.—Because: the primary melanoma was situated in the midline of the chest 
anteriorly, and because the lymphatics of this region drain to the axilla rather than to the 
neck, it was decided to perform an excision and dissection in continuity of the primary 
melanoma and the bilaterally involved lymph nodes. A wide expanse of skin was included 
in an elliptical incision made transversely across the chest wall with the tumor in the center 
of the excised skin. The incision was extended on either side to include a segment of skin of 
the axilla. By retracting the pectoral muscles on each side the axillae were completely 
cleared of their lymphoid structures, fat, and areolar contents. The upper and lower skin 
flaps were dissected back widely and the subcutaneous tissues over the sternum with the fascia 
overlying the pectoral muscles were surgically removed with the specimen en masse. The 
extent of this fascial dissection can be approximated when it is said that all of the fascia 
from the substernal notch and level of the clavicles was removed down to the level of the 
nipples. Because of this great development of skin flaps it was possible to approximate 
skin margins the entire length of the wound, although this was done with considerable tension. 
Skin grafting therefore was not necessary in this case. Healing occurred by primary in- 
tention. The patient had excellent arm function afterward. 

Pathologic Report——Primary melanoma of the skin of the chest wall with metastasis 
to numerous lymph nodes in both axillary regions. 


’ of a flat brown 


Case 4.—E. C., a 60-year-old white man, had been aware ‘‘all his life’ 
skin lesion in the right lower quadrant of the abdomen on a level with the umbilicus. This 


lesion was apparently congenital. Two months before applying to the Memorial Hospital he 
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had observed that this lesion began to increase in size and to exhibit increased pigmentation. 
Immediately before admission to the institution he observed the presence of a mass in the 





right groin. 
Physical Examination.—A flat brown nonulcerated lesion measuring 1.5 cm. in diameter 






was seen in the skin of the right side of the abdomen on a level with the umbilicus. There 





was a group of confluent lymph nodes in the region of the right inguinal and femoral regions. 


— 





There were no palpable axillary lymph nodes, A roentgenogram of the chest showed no evi- 





dence of pulmonary metastasis. 








Diagnosis.—Malignant melanoma of the skin of the abdomen with metastasis to the right 





inguinal and femoral lymph nodes. 





sabi 





Fig. 8 (Case 4).—Primary melanoma of skin of abdominal wall, metastatic to inguinal lymph 
nodes. 













Treatment.—A local excision was made of the tumor on the abdominal wall; this was 


subjected to microscopic study. The report was malignant melanoma. A very radical surgical 





procedure was then planned to include the site of the primary tumor and the inguinal and 





femoral lymph nodes. This included a wide removal of the skin in continuity with the skin 





of the groin, and a very wide fascial dissection of the right iliae quadrant of the abdomen, 





together with the fascia and lymph nodes in the right groin. Because of the wide development 





of the skin flaps it was possible to effect a primary wound closure. No skin grafting was 





done. The wound healed by primary intention. 
Pathologic Report.—Malignant melanoma involving the inguinal and femoral lymph 






nodes, 






Case 5.—A. K., a 59-year-old man, had been aware of a flat black pigmented skin 





lesion just above the right nipple which had been present since early childhood. It remained 





quiescent until two months before his application to the Memorial Hospital. At that time 





it grew rapidly, became ulcerated and fungating. No previous treatment had been ad- 





ministered other than the application of bland ointment. 
Physical Examination Examination revealed an elevated, fungating, superficially 






ulcerated, sessile, reddish tumor measuring 2 cm. in diameter and 34 em. in height, situated 





in the skin on the right anterior chest wall just above and medial to the right nipple. There 





was a halo of black pigment surrounding the base of the tumor, This lesion was freely 






movable with no surrounding or satellite nodules. There were no significantly enlarged axillary 





lymph nodes. A roentgenogram of the chest revealed no evidence of pulmonary metastasis. 








The presumptive diagnosis was melanoma. 
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Fig. 9 (Case 4).—To illustrate the scope of operation planned for excision en 
the primary melanoma of the abdominal wall and the 


masse of 
lymph nodes. 


secondary deposits in the inguinal 











A. 


Fig. 10 (Case 5).—A, Primary melanoma in skin of male breast. B, Radical mastec- 
tomy by the classical Halsted-Meyer technique. The pectoralis major and minor muscles 
have been removed. The amount of skin and fascia sacrificed can be judged from the location 
of the wound and the drains. 


Bb. 
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B. 


Fig. 11 (Case 6).—A, Primary melanoma in skin of abdominal wall; note enlarged in- 
guinal node. B, Operative wound to show inclusive axillary and inguinal dissections with 
wide removal of skin and fascia in continuity to encompass the primary melanoma. The ex- 
tent of the fascial dissection can be seen by the location of the ecchymoses and the drains. 
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Treatment.—The indications for a radical Inastectomy were here as clearly defined 
as for a carcinoma of the breast. Accordingly, a wide elliptical incision was made from the 
axillary apex down to the epigastrium encompassing a wide segment of skin. The skin flaps 
were dissected widely back and the entire breast and nipple, together with the underlying 
fascia, were removed with the axillary contents. The pectoralis major and minor muscles 
were removed and the axilla dissected in the customary Halsted-Meyer technique. The fascia 
over the upper right rectus muscle was removed with the specimen. It was possible to effect 
& primary closure of the wound without skin grafting. 

Pathologic Report.—Malignant melanoma of the skin adjacent to the nipple. The breast 
proper was not involved. All of the axillary lymph nodes were studied microscopically and 
none of them was found to contain metastatic melanoma. 





Fig. 12 A.—Lesion 1 cm. in diameter situated just abcve and medial to left knee. History 
of growth for six months. 


CASE 6.—G. F., a 36-year-old white man, stated that as long as he could remember 
he had had a pigmented wartlike lesion involving the skin of the left side of the anterior 
abdominal wall just at the level where he wore his belt. This lesion was constantly irritated 
by the belt. Five weeks before application to the Memorial Hospital, he observed a mass 
in the left groin which gradually increased in size. On questioning, he related that there 
had been no apparent change in the skin lesion on the abdominal wall except for occasional 
bleeding, which occurred for the first time six months before. A biopsy made by the family 
physician was reported as malignant melanoma. 

Physical Examination.—On the skin of the left anterior abdominal wall about 12 em. 
lateral to the umbilicus and on a level superior to the umbilicus was a papillary grayish-black 
tumor, sessile in character and measuring 1.5 em, in its largest diameter. In the left groin one 
large lymph node could be felt in the superficial inguinal group; the other lymph nodes pal- 
pable in the femoral trigone did not seem significant. The liver was not palpable and there 
was no clinical evidence of metastatic involvement of the left axillary lymph nodes. A roent- 
genogram of the chest gave no evidence of pulmonary metastasis. 
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Fig. 12.—B, Open wound showing patella, exposed muscles of thigh and split inguinal 
ligament (with clamps). C, Wound closed with multiple drains. D, Specimen: Removed tissue 
showing lesion below and contents of groin above. The fascia is removed from the muscle 
much more widely than the skin. 








S66 SURGERY 


Diagnosis.—Malignant melanoma of the skin of the abdominal wall with metastases to 
the left inguinal lymph nodes. 


Treatment.—The skin of the abdominal wall superior to the umbilicus contains lymphaties 





which drain chiefly to the corresponding axilla. Because of the known presence of metastasis 
in the left inguinal nodes, the location of the primary melanoma in the skin of the left flank 
slightly superior to the level of the umbilicus, and the known common route of lymphatic 
dissemination for malignant skin tumors of this location, a decision was made to apply 
the principle of excision and dissection in continuity for the primary tumor and regional 
lymph nodes involved or possibly involved; that is, dissection of the left axilla and left groin, 
together with the primary tumor. A long elliptical incision was made which included all 
of the skin between the left axilla and the femoral and inguinal regions, together with a 
wide strip of abdominal skin encompassing the primary melanoma at its central part. These 
lateral skin flaps were dissected widely back in the same manner as when a radical mastectomy 
is performed. The dissection in the left groin included the removal of the inguinal and 
femoral lymph nodes after which Poupart’s ligament was split and the dissection was continued 
retroperitoneally to remove the lymph nodes in the external iliae group, as is done in the 
classical groin dissection. The subcutaneous fat and deep fascia were then removed exposing 
the underlying muscles of the abdominal wall and chest, and the axillary lymph nodes, fat, and 
areolar tissue were removed from the left axilla. The wound was closed with interrupted 
black silk sutures without grafting. Multiple drains were inserted. Convalescence was 
uneventful. 

Pathologic Report.—Malignant melanoma with metastasis to one inguinal lymph node. 
Twenty-five other nodes from the inguinal and axillary groups were examined microscopically 
and no metastatic foci were found in any of them. 


TABLE I. COMPARISON IN FREQUENCY OF LOCAL RECURRENCE OF MALIGNANT MELANOMAS AND 
SQUAMOUS-CELL CARCINOMAS OF THE SKIN FOLLOWING SURGICAL REMOVAL 
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Squamous-cell 3 5) 1.7 2¢ 3 12.5 12 2 16.7 < 0 0.0 
carcinoma 

Malignant : ¢ 30. 22.2 11 5 27.3 g : 375 
melanoma 








Conclusion: Melanomas of the skin invariably recur with greater frequency than squa- 
mous-cell carcinomas following surgical removal, regardless of the anatomic site. 
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VIRILISM IN WOMEN 
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INTRODUCTION 


* VIEW of the physical and mental changes to which the syndrome of 
virilism may give rise, the condition is clinically and psychologically most 
striking. Although it may also be encountered in children, the ensuing remarks 
will be restricted to the syndrome in adulis. 

The symptoms and signs of virilism may be classified in two main groups: 
(1) those strictly defeminizing and (2) those which are considered masculin- 
izing. Hermaphroditism may, on oceasions, be associated with a picture of 
virilism. Fundamentally, the two conditions are distinct. In hermaphroditism 
a true congenital malformation is present, whereas in virilism it is essentially 
a question of transformation in an otherwise normal person prior to the onset 
of the syndrome. 

Our attention was drawn particularly to this unusual picture on the oe- 
casion of encountering a case, described more fully elsewhere.! Subjected to 
surgical treatment, the patient made an uneventful recovery and showed re- 
gression of the symptoms of virilism afterward. This was a case of arrhenoma 
of the ovary. These tumors, which are comparatively rare, are not the only 
etiologic factor to be sought. Lesser grades of virilism without apparent elin- 
ical importance have also been observed. Pathologie studies of these cases, as 
well as the increasing knowledge gained in recent years about hormones and 
active biologie bodily chemical substances, have considerably increased our 
understanding about them and likewise permitted the use of new procedures 
to establish the diagnosis. 

The defeminizing symptoms and signs are generally the first to appear. 
They inelude cessation of the menses, atrophy of the breasts and endometrium, 
and sterility. The masculinizing signs and symptoms are more numerous than 
the former, of wider distribution, and do not always completely recede. This 
is especially true in hypertrophy of the clitoris. These signs may be con- 
veniently grouped according to the system affected. Thus; there are dermal, 
skeletal, vocal, muscular, and mental changes. Among the dermal alterations, 
increased pigmentation has been mentioned although the change in hair dis- 
tribution is more prominent. It affects that of the face, breasts, abdomen, and 
lower extremities. A loss of the normal feminine curves probably ascribable 
to changes in the distribution of the body fat might be included here. Such 
is not the ease of increase in the width of the shoulders or in the gait and con- 
tours of the neck and lower extremities, more reasonably linked with changes in 
the musculoskeletal system. The increased width of the shoulders is observed 
in eases of long duration, where there is, in addition, alteration in the distribu- 
tion of the body fat and at times loss of weight. The change in voice with the 
assumption of a masculine tone is often an early manifestation. In our case 
this was so. The patient’s husband no longer recognized her voice over the 


1945. 





Received for publication, Jan. 10, 


867 




















































S68 SURGERY 


































telephone. Mental or psychic changes range from loss or reduction of the libido 
to alteration of the patient’s character. It may also contribute to the masculine 
facial expression assumed by some. 

In the ease which came to our attention,’ asceribable to arrhenoma, there was 
first increased growth of hair of the lower extremities. This gradually assumed 
a faunlike distribution, including the buttocks. Also, the hair on the skin of 
the upper lip became more prominent. The month following that in which the 
initial symptoms occurred, the menses failed to appear, except for a spotting 
for a few days several months after the initial amenorrhea. The amenorrhea 
itself persisted until after operation. Still another month later, hair appeared on 
the sides of the face, and this compelled the patient to shave once or twice a week. 
At this time the voice assumed a masculine tone. The pubie hair increased in 
amount and extended to the abdomen in masculine fashion. On admission, one 
and one-half years after the onset of the symptoms, hirsutism was also observed on 
the breasts. No skeletal changes were apparent. In addition, prominent hyper- 
trophy of the clitoris was noted and the uterus was a bit small. A mass approx- 
imately the size of a large orange could be palpated in the right iliac fossa and 
right vaginal fornix on bimanual examination. 

The tumor, which replaced the ovary, was excised together with the tube 
on the same side. Recovery was uneventful and the patient was discharged on 
the fourteenth postoperative day. The menses came on again one month later 
and appeared regularly thereafter just as before the onset of amenorrhea one 
and one-half years before. At examination six months after the operation, the 
voice was feminine, there was practically no hirsuitism, the libido had returned, 
there were no apparent psychic changes from the normal, and the patient had 
gained ten pounds. The clitoris remained slightly larger than normal. 


ETIOLOGY 


All details pertaining to this case seem to indicate that the arrhenoma was 
responsible for the picture of virilism. This finds additional support in dis- 
appearance of symptoms after excision of the tumor. Arrhenomas are the 
ovarian tumors generally associated with the syndrome of virilism in women. 
The term itself has been coined to emphasize the common trait of their biologic 
activity and is preferred by Ewing? to the designation of arrhenoblastoma, intro- 
duced by Meyer.* Among these tumors some are highly differentiated patho- 
logically, as was the first to be described by Pick* one of the so-called tubular 
testicular adenomas. Pick’s case and those similar to it stand at one extreme 
ot the scale, in contrast with the others, which constitute the undifferentiated or 
sarcoma-like group. Our case was of the latter variety. A detail as yet un- 
explained in the relationship which exists up to a certain degree between the 
various members of the arrhenoma group and the extent and intensity of the 
clinical features lies in the fact that certain ovarian tumors, which histologically 
correspond to the arrhenomas microscopically, have been found in the absence 





of any signs of virilism, as is also true for the inverse.” Virilism has been re- 
ported in association with luteomas and hypernephromas of the ovary, and in 
a less pronounced manner also in the presence of a newly described affection of 
the ovaries designated diffuse ovarian luteinization.® Because of the dis- 
crepancy in the pathologic picture and in the clinical features of some ar- 
rhenomas, exception has been taken to the indistinct use of this term to include 
them. 

The adrenal glands, too, play an outstanding role as an etiologic factor in 
virilism in women. We are indebted to Cahill and collaborators’ for clarifying 
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considerably this phase of the etiology of virilism. It has been definitely linked 
with tumors of the gland associated with an increased production of androgens. 
These authors explain that in general the various clinical pictures to which 
tumors of the gland may give rise vary according to the hormones secreted, their 
amount, and the age and sex of the person affected. 

After puberty and before the menopause, the adrenogenital syndrome is 
produced. It is manifest by the appearance of male secondary sex character- 
istics and the repression of female characteristics and function. This has also 
been ealled adrenal virilism.* Hirsutism is the first change noted and this is 
followed by irregularity or cessation of the menses, changes in the body con- 
tour, and enlargement of the clitoris. Its occurrence is not infrequent and from 
an analysis of many cases, it has been found that the anatomic condition of 
the gland often bears no definite relation to the type or severity of symptoms.‘ 
Tumors are cited as not a frequent cause. Loss of libido and its inversion have 
also been reported. The change of voice to a masculine type, frequently ob- 
served, is ascribed to lengthening of the voeal cords. Changes in the secondary 
sex organs appear later than menstrual or dermal alterations, although the 
vounger the woman the more pronounced they are. In the young the tendency 
is toward underdevelopment; in the old, toward atrophy. 

The changes associated with excess androgens excreted in the urine are 
also in direct proportion to the biologic effeets produced. This increased ex- 
cretion may be far above that exereted normally by man. 

Certain doubt has been cast regarding the part the hypophysis may play 
in producing virilism. This is based on observations gathered from different 
sources. When arrhenoma may be exeluded, hyperplasia or adrenal cortical 
neoplasia is to be favored. Of ten cases which came to autopsy reported by 
(ieist and Gaines,® seven were cortical adrenal adenomas and three adrenal 
carcinomas. In all eases the ovaries were small or normal in size with little 
evidence of follicular activity. These findings are also confirmed by the au- 
thors cited, in a review of the literature wherein similar cases were found and 
in which complete necropsies were performed. 

The possible role, on the other hand, of certain thymie tumors in the etiology 
of virilism is denied by Silver,® inasmuch as adrenal cortical hyperplasia with a 
normal pituitary has coincided and may not reasonably be excluded. 

On the other hand, there is a suggestion that it may indirectly produce 
virilism through its action on the ovaries. Experiments in mice and in human 
beings with gonadotropins'’? lend support to this view, as well as a case of 
basophilic adenoma with diffuse ovarian lueteinization reported by Bergstrand." 


PATHOLOGY 


Krom the remarks previously made, pathologie considerations will neees- 
sarily be restricted to the ovarian changes and those of the adrenals. In the 
case of some neoplasms of the adrenal glands reported to date, the element of 
outstanding interest to the clinician, frank malignaney of the tumors is gen- 
erally recognized. It is an outstanding example of the outdated question as to 
whether malignant tumors might simultaneously be capable of secreting active 
biologie substances comparable to hormones. Hyperplasia or adenomas do not 
naturally bring up this question of malignancy. The extent and severity of the 
symptoms to which they may give rise, on the other hand, become important 
determining factors on contemplating a radical surgical therapeutic measure. 
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In the case of the ovaries, the malignant nature of the neoplasms seems more 
complex. In the histologically undifferentiated types the appearance of those 
which present a sarcoma-like structure is rather one of malignancy. The inverse 
is true, however, for the differentiated varieties in which tubular testicular 
structures are reproduced morphologically closely akin to those observed in the 
testicle. Generally speaking, the malignancy of this group of tumors as a 
whole is considered on the attenuated side. Yet frank reeurrence has been ob- 
served on several occasions. In reference to this question the observations of 
Novak convey a warning as to the logical restraint which must still be observed.” 
He points out quite pertinently that in view of the rare occurrence of these 
cases, publication has preceded a wide enough interval of observation to judge 
adequately on this point. 





Fig. 1.—Photomicrograph of tumor. 





Fig. 2.—Photomicrograph of tumor. 


To the surgeon and the clinician who have to contemplate the possibility 
of appropriate treatment, the size both of the adrenal gland or of the ovary 
assumes considerable practical importance. The adrenal enlargement may not 
be sufficiently pronounced to diagnose correctly and that of the ovary may be 
essentially imperceptible when the tumor oceupies only part of the gland and 
may be of considerably reduced dimensions. These cases, however, are the ex- 
ception rather than the rule. According to Marchand and Fibiger, adrenal 
enlargement from cortical hyperplasia may increase to the size of the kidney.” 
Adenomas, too, may reach considerable proportions, weighing as much as two 
to four ouneces.? In adrenal carcinoma, Ewing? states that the earlier tumors 
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are smaller and embedded in the enlarged adrenal gland, the eutline of which 
may be partly retained. He further states that at autopsy they are found to 





be large, involving the entire gland, adherent to or fused with the kidney, and 





bound to neighboring structures by many extensions. 





Arrhenomas are, in general, of moderate size.° The largest as yet observed 





was about the size of a man’s head. The testicular adenoma is the one which 





tends to be small, firm, and well encapsulated. The others are larger and gen- 
erally unilateral. Secondary changes may also be encountered in them as well 






as in the adrenal tumors. Since these may be considered as intrinsic pathologie 
alterations, no further mention will be made of them except for the case of hem- 






orrhage or necrosis which may be safely presumed to give rise to local signs or 
even slight elevation of temperature. 






DIAGNOSIS 









Inasmuch as increased androgen excretion in the urine has been reported 
in eases of arrhenoma! as well as in those of virilism associated with adrenal 





neoplasia or hyperplasia,’ the use of this estimation appears as yet only of 





limited value. In eases in which the adrenal gland is the site of neoplasia or 
sufficiently pronounced hyperplasia which may bring about a noticeable in- 






crease in its volume, periglandular air insufflation following the technique in- 





troduced by Cahill and associates’ prior to making a roentgenogram of the 





region has in such eases proved of definite diagnostic value. Certain reserve in 





assuming too dogmatic an attitude in reference to the cause is, however, ad- 





visable. Ovarian enlargement from some arrhenomas is hardly perceptible. 
On the other hand, it may be prominent, as was pointed out previously. Moder- 
ate enlargement has also been observed in diffuse ovarian luteinization, in which 






case conservative therapy is advisable. Although we ignore the association of 





other ovarian tumors or arrhenomas with cortical adrenal changes conducive to 





virilism, the possibility of encountering such cases would seem to warrant routine 
radiologic study of the lumbar region in virilism with preceding periglandular 






air insufflation. 





The references to the investigation of androgenic urinary elimination 
which we have had occasion to consult are limited. It may be that more de- 
tailed studies in this field are necessary in an effort to determine any possible 
qualitative or quantitative differences which might prove of specific diagnostic 
value. Besides the special investigations which may be pursued in these eases, 
those obviously pertaining to the history and physical examination may add con- 
siderable weight to the diagnosis when metastasis is associated with an adrenal 
mass or when a definite ovarian tumor is palpated. 
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TREATMENT 

In cases in which arrhenoma is producing the syndrome of virilism, surgical 
excision is the procedure of choice. Panhysterectomy with postoperative radia- 
tion is advisable if malignancy is suspected. The fact that arrhenomas occur 
in young women in whom future pregnancies may be desired appears to be 
logical grounds for conservative surgical measures. This finds support in the 
cures reported by unilateral salpingo-oophorectomy, the generally low level of 
malignaney ascribed to these tumors, as well as the localized state of the tumor 
at laparotomy. Nevertheless, close postoperative control would seem advisable 
in all patients, cognizance being taken of Novak’s'! warning that these patients 
have often not been followed sufficiently long to be certain of their ultimate 
course. In the presence of a suspected malignancy, radical surgical intervention 
is to be contemplated. Postoperative radiation is probably advisable, although 
its positive effect is not definitely known since a sufficient number of patients 
thus treated has not been reported. 

For adrenal tumors surgical removal is also the treatment of choice. The 
remarks which follow are gathered chiefly from the recent article of Cahill and 
co-workers.’ There are three main operative approaches: extraperitoneal 
through the lumbar region, transthoracic, and transperitoneal. With the first 
two the operator is handicapped by the inadequacy of the incision and the im- 
possibility of ligating vessels before the tumor is manipulated. The trans- 
thoracic approach, too, among other disadvantages, necessitates creating an arti- 
ficial pneumothorax. The transperitoneal route is then presumably preferable 
because it provides adequate exposure, greater freedom in manipulating the 
tumor, greater facility for locating other viscera and vessels, and rapid, efficient 
reparation of the posterior peritoneum. 

In the ease of adrenal tumors, during the operation or during the postoper- 
ative period, the possibility of acute adrenal deficiency must be kept in mind 
and if it oceurs, it should be handled as an acute crisis of Addison’s disease. 
Fortunately, it is not encountered in cases of nonhormonal adrenal cortical 
tumors or in the pure sex hormonal type. Nevertheless, in cases of the pure 
androgenic type the necessity for demonstrating the opposite adrenal gland 
prior to operation is obvious. 

SUMMARY 


A brief general review of the svndrome of virilism in women is presented. 
Most writers admit that the chief organs involved are the ovaries and the 
adrenal glands. In cases in which the ovary is responsible for symptoms, 
virilism is associated with neoplasms and it is because of their biologie activity 
rather than their histologic composition that they are referred to as arrhenomas. 
The fact that some cases have been associated with luteomas and other tumors 
of the ovary would seem to indicate the necessity for a critical survey and con- 
trol of such cases, particularly as viewed in the light of modern hormonal effects. 
Reference is made to a personal case of arrhenoma as illustrative of the general 
features of these cases—recession of defeminizing and masculinizing signs and 
symptoms following surgical removal of the tumor. In cases in which the 
adrenal glands are involved, cortical hyperplasia, adenoma, or carcinoma may 
be the obvious cause of virilism, in many ways essentially similar to that associ- 
ated with arrhenomas. In both instances increased androgenic urinary excre- 
tion has been demonstrated. This test, together with other general methods of 


physical diagnosis as well as radiologic examination of the lumbar region follow- 
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ing periglandular air insufflation, may be considered a procedure of outstanding 


diagnostic value. Beeause acute adrenal deficiency may take place and prove 


fatal, hormonal urinary determinations and bilateral confirmtion of the adrenal 


glands by roentgenograms are essential prerequisites to surgieal intervention. 
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APPENDICAL PERITONITIS 


ALTON OCHSNER, M.D., AND J. Harvey JOHNSTON, M.D. 
New ORLEANS, La. 
(From the Department of Surgery, School of Medicine, Tulane University; The 
Ochsner Clinic; and the Charity Hospital of Lowisiana) 


ry A RESULT of education of the lay public, the mortality from 
appendicitis is definitely decreasing, as evidenced by the United 
States Government figures which show the death rate per 100,000 
population from appendicitis in 1930 to be 15.38 per cent and in 19387, 
11.9 per cent. Although this decrease in the mortality of appendicitis 
is very desirable, the fact that each year over 10 per 100,000 popula- 
tion die of appendicitis is regrettable, because appendicitis should be 
associated with little or no mortality if the diagnosis is made and the 
proper therapy instituted while the infection is still confined to the 
appendix. With practically no exceptions, the removal of the vermi- 
form appendix before extension beyond its confines occurs is associated 
with no mortality. It is only when the infection has extended beyond 
the appendix either as a result of procrastination, the use of catharsis, 
or early necrosis because of ischemic gangrene that fatal complications 
occur. It is because of the still relatively high incidence of these com- 
plications that a study of appendical peritonitis is worth while. 

With the introduction of the sulfonamides and other chemothera- 
peutic agents, the mortality and morbidity in the invasive infections 
resulting from extension beyond the confines of the appendix have 
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been definitely reduced; and in order to evaluate the results which 
have been obtained by the use of chemotherapeutic agents and other 
methods of therapy, this study was undertaken. 

The patients with ruptured appendicitis admitted to the Charity 
Hospital in New Orleans in 1933 and in 1948 were studied and ana- 
lyzed. These two years were chosen, a decade apart, because in the 
former group no sulfonamide drugs were employed, no attention was 
paid to plasma proteins, and gastrointestinal decompression was inade- 
quately used, whereas in the latter group sulfonamide drugs were used 
in 97.5 per cent of the cases, plasma or blood was administered in 45 
per cent, and decompression was employed in 88 per cent of cases. It 
is of interest that the incidence of ruptured appendicitis as compared 
with the total hospital admissions has definitely decreased in the 
Charity Hospital as determined by this study (Fig. 1). In 1933 there 
were 55,437 total hospital admissions, among which there were 156 
cases with ruptured appendicitis, a percentage of 0.28. In the year 
1943 there were 42,105 total hospital admissions, among which there 
were 83 eases with ruptured appendicitis, a. percentage of 0.19. This 
decrease in the relative incidence of ruptured appendicitis probably is 
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Fig. 1.—Diagram showing the incidence of appendical peritonitis in relation to total 
hospital admissions in Louisiana Charity Hospital in New Orleans. 


due to the education of the laity and of the medical profession so that 
earlier diagnoses are made, and the patients are referred to the hos- 
pital before rupture has oceurred. That catharsis is still a prominent 
factor in the production of appendical rupture is evidenced by the 
comparison of the two series. In the 1933 group of 81 cases, in which 
it was stated whether or not the patient had received catharsis, there 
were 73 cases (90 per cent) in which it was administered. In the 19438 
group of 51 cases, in which it was stated whether or not catharsis was 
given, 46 patients received catharsis, with an identical incidence of 
90 per cent. 

Following rupture of the vermiform appendix, one of three compli- 
cations can occur, depending to a certain extent upon the time that the 
patient is seen and operated upon. Immediately after the rupture, 
unless there has been an overwhelming infection and extensive con- 
tamination, there will result a localized peritonitis. If it remains 
localized, it will either resolve or will form a localized abscess. In 
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the presence of an overwhelming infection, or as the result of con- 
tinued catharsis, or when produced by extremely virulent organisms 
in an individual whose resistance is diminished, a spreading infection 
and generalized peritonitis will occur. In the 1933 group of 156 eases, 
52 patients had a localized peritonitis (33.3 per cent), 45 a localized 
abscess (29 per cent), and 57 (36.5 per cent) had generalized peri- 
tonitis, whereas in the 1943 group of 83 cases, 29 (35 per cent) had 
localized peritonitis, 33 (40 per cent) had localized abscess, and 21 
(25 per cent) had generalized peritonitis (Fig. 2). It is thus seen 
that the incidence of localized peritonitis is about the same in both 
vroups, and that the incidence of localized abscess increased in the 
latter period from 29 to 40 per cent. The exact cause for this increase 
is not clear, but would indicate a delay in the admission of the patient 
to the hospital and may be the result of the treatment of these patients 
at home with sulfonamide drugs by their physicians without a diag- 
nosis being made. It is gratifying that the incidence of generalized 
peritonitis in the latter series is less, 25 per cent as compared with 36.5 
per cent, which may also reflect the use of sulfonamide drugs before 
the patient is admitted to the hospital. Unfortunately, it was impos- 
sible for us to ascertain from the records of these patients whether or 
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Fig. 2.—Diagram showing the type and incidence of peritoneal involvement in 
the patients with ruptured appendicitis admitted to the Charity Hospital in 1933 
and in 1948. 
not sulfonamide drugs had been used, although in many instances it 
was stated that the patient had been given some medication by his 
physician. 

The duration of the symptoms before treatment, that is, before ad- 
mission to the hospital, is interesting; and, although there is no par- 
ticular difference in the two groups of cases, the 1933 and the 1943 
periods, there is considerable difference in the types of peritoneal 
reaction (Fig. 3). In the cases with localized peritonitis in the 1933 
series, the duration of symptoms before treatment varied from one to 
eight days, with an average of 3.2 days. In the 1943 series it varied 
from one to seven days with an average of 3.1 days. The average from 
the two groups was 3.1 days. In the group of cases with generalized 
peritonitis in the 1933 period, the duration of symptoms before treat- 
ment varied from twelve hours to seven days with an average of 3.1 
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days. In the 1943 period, it varied from one to fourteen days, with an 
average of 3.8 days. The average for both groups was 3.4 days. In 
the cases with localized abscesses, the duration of symptoms before 
treatment was definitely longer, as might be expected, because suffi- 
cient time must elapse before an abscess can develop. In the 1933 
period, the duration varied from two to twenty-one days with an 
average of 9 days. In the 1943 period, it varied from one to thirty 
days with an average of 9.3 days. The average for both groups was 
9.1 days. 

Although it was not stated in all records whether or not the patient 
was acutely ill, the statement was given in 94 of the 1933 eases, of 
which 68 patients (72.3 per cent) were described as acutely ill. In 65 
of the 1948 cases, a statement was made concerning the patients’ ap- 
pearance. Of these, 38 (67 per cent) were described as acutely ill. 
This suggests that the patients in 1933 were somewhat more ill at the 
time of admission to the hospital than those of the later group. That 
this contention is not correct is evidenced by a breakdown of the 
figures for the different types. In patients with localized peritonitis 
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Fig. 3.—Diagram showing the duration of symptoms in the patients with ruptured 
appendicitis admitted to the Charity Hospi.al, according to the type of peritoneal 
involvement. 


in 1933, for instanee, 51.2 per cent were described as being acutely ill 
at the time of admission as contrasted with 75 per cent in the 1948 
period. Also in the cases of generalized peritonitis, 90.4 per cent of 
the patients in the 1933 period were described as acutely ill as com- 
pared with 94.7 per cent in the 1943 group. In the cases with localized 
abscess there was a definite difference between the two groups since 
62.0 per cent of the patients appeared acutely ill in the 1933 period as 
contrasted with 33 per cent in the 1943 group. Combining the two 
periods, it was found that 57 per cent of those with localized peritonitis 
appeared to be acutely ill, of those with localized abscess, 47 per cent, 
and of those with generalized peritonitis, 91 per cent. 

The temperature and pulse readings did not vary significantly in 
the two periods. As might be expected, the mean averages in the 


cases with generalized peritonitis were higher than in the cases in 
which the infection was localized in the right lower quadrant. 
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The physical findings varied according to the type of peritoneal 
involvement. Tenderness was generalized in 27 per cent of the cases 
with Toealized peritonitis, in 23 per cent of the cases with localized 
abscess, and in 80 per cent of the cases with generalized peritonitis 
(Mig. 4). The point of maximum tenderness was in the right lower 
quadrant in 91 per cent of the patients with localized peritonitis. It is 
of interest that in this group of cases the point of maximum tender- 
ness was in the right lumbar or flank area in 4 eases, in the region of 
the umbilicus in 1, and in the left lower quadrant in 2. In the patients 
with localized abscess, the right lower quadrant was the point of maxi- 
mum tenderness in 95 per cent of cases. Interestingly enough it was 
in the region of the umbilicus in one ease and in the rieht flank in 2 
cases. In the cases of generalized peritonitis the point of maximum 
tenderness was in the right lower quadrant in 95 per cent, in the left 
lower quadrant in 2 cases, and below the umbilicus in 1 case. Whereas 


generalized rigidity is usually accepted as a sign of general peritonitis 
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the various types of appendical peritonitis. 
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and was present in 72 per cent of our patients, such is not always the 
‘ase, because in 20 per cent of the cases of localized peritonitis and in 
15 per cent of the cases with localized abscess, this finding was present. 
Rigidity in the right lower quadrant was present in 90 per cent of the 
eases with localized peritonitis, in 83 per cent with localized abscess, 
and in 94 per cent with generalized peritonitis (Fig. 5). Abdominal 
distention can occur either in generalized or in localized infections. It 
was present in 40 per cent of the cases with localized peritonitis, in the 
same number of cases with localized abscess, and in 86 per cent of cases 
with generalized peritonitis. 

Seventy-five per cent of the patients with localized abseess had a 
palpable mass (ig. 6). This was located in the right lower quadrant 
in 86 per cent of cases, in the cul-de-sac of Douglas in 10 per cent, in 
the right flank in 2 per cent, and in both lower quadrants in 2 per 
cent. A palpable mass was present in 17 per cent of the cases with 
localized peritonitis and in 97 per cent with generalized peritonitis. 
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The laboratory findings in all the groups of cases of ruptured ap- 
pendicitis were approximately the same, there being little difference 
in the various series. The leucocyte counts in the cases with locKlized 
peritonitis varied from 6,000 to 35,000, with an average of 15,900 and 
an average polymorphonuclear count of 84 per cent. In the cases with ; 
localized abscess they varied from 4,000 to 35,000, with an average of 
15,300 and an average polymorphonuclear count of 83 per cent. In the t 


peers 


eases with generalized peritonitis these respective figures were 4,000 
to 32,500; 15,100 and 86 per cent. It is evident, therefore, that the 
leucocyte and Schilling counts are not reliable in determining the 3 








extent of peritoneal involvement. 
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Fig. 5.—Signs of appendical peritonitis. 


The therapy in the 1933 and the 1943 periods varied considerably. 
In 1933, a large number of cecostomies were done. In fact, 50 per cent 
of the patients with localized peritonitis complicating ruptured ap- 
pendicitis had a complementary cecostomy (26 of 52 cases), and an- 
other had an ileostomy. Eight had appendectomy alone, 4 had ap- 
pendectomy and cecostomy, 18 had appendectomy, cecostomy, and 
peritoneal drainage. None were treated conservatively. In the 1943 
series, of which there were 29 cases, 24 had appendectomy alone, 1 had 
appendectomy and peritoneal drainage, 1 had appendectomy and free- 
ing of adhesions, 1 had drainage of the peritoneal cavity alone, and 2 
were treated conservatively, initially. In generalized peritonitis the 
number of cases in which cecostomy was used in 1933 was even higher 





than those with localized peritonitis. Of the 57 cases, cecostomy was 
done 51 times, appendectomy 55, peritoneal cavity drainage instituted 
in 49, and no operation was performed in 2. In 21 eases of generalized 
peritonitis in the 1943 group, 14 patients had an appendectomy, 1 had 
peritoneal drainage, and 6 had no operative procedure on admission. 
Of 45 patients with localized abscess treated in 1933, 3 had an ap- 
pendectomy alone on admission, 13 had appendectomy and drainage, 
20 had peritoneal drainage alone, 3 had appendectomy and comple- 
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mentary cecostomy, 3 had appendectomy, cecostomy, and peritoneal 
drainage, and 3 had nothing done. Of 33 patients treated in 1943, 11 
had appendectomy alone on admission, 3 had appendectomy and peri- 
toneal drainage, 1 had appendectomy and freeing of adhesions, 9 had 
peritoneal drainage alone, 3 had explorations leaving the inflammatory 


mass undisturbed, and 6 were not operated upon. 
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Fig. 6.—Diagram showing the incidence of palpable localized mass in various 
types of appendical peritonitis. Although this finding is present in generalized peri- 
tonitis and in localized peritonitis in a small group of cases, it is particularly im- 
portant in those cases with a localized inflammatory mass in which conservative 
treatment is particularly indicated. 

The postoperative treatment varied considerably in the two series 
of cases. Whereas the use of Fowler’s position, the heat tent, mor- 
phine, and parenteral fluids varied little in the 1933 and the 1945 
series, sulfonamide drugs, oxygen, blood, and plasma were employed 
much more frequently in 1943 than in 1933, in fact none of the patients 
in the 1933 cases received any sulfonamide drugs (Figs. 7 and 8). 

The postoperative complications consisted generally of wound infec- 
tion, residual peritoneal infection, ileus, and pulmonary lesions. In 
the patients with localized peritonitis, 11 per cent of those in the 1933 
series developed subsequent residual infection, whereas 21 per cent in 
the 19483 series developed the same complication. In patients with 
localized abscess, this complication occurred in 18 per cent of the 1933 
series and in 15 per cent of the 1948 group. In those with generalized 
peritonitis, the complication occurred in 23 per cent of the 1933 series 
and 10 per cent of the 1948 series. Because of inadequate description 
in the earlier eases, little could be determined concerning the incidence 
and extent of postoperative ileus and, therefore, a comparison of the 
two groups is not possible. The distinct impression is gained, however, 
that the almost routine use of the indwelling duodenal catheter and 
Wangensteen suction has decreased materially the incidence and 
severity of adynamic ileus. 

The ineidence of pulmonary complications in localized peritonitis 
was 9 per cent in the 1933 series and 7 per cent in the 1943 (Fig. 9). 
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This complication occurred in localized abscess in 6.8 per cent in 1933 
and in none in 1943. It complicated generalized peritonitis in 12 per 
cent of the 1933 series and 10 per cent of the 1943 series. Forty-two 
per cent of all the pulmonary complications were right lower lobe 
pneumonias which probably were the result of an atelectasis produced 
by splinting of the right diaphragmatic leaf. 
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Fig. 7.—Postoperative therapeutic measures used in appendical peritonitis. 
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Fig. 8.—Postoperative therapeutic measures used in appendical peritonitis (continued). 


The therapy used today is more effective than that employed in 1933, 
as evidenced by the decreased morbidity (Fig. 10) and mortality (Fig. 
11). In the patients with localized peritonitis, the average hospital 
stay in the 1933 series varied from 8 to 119 days, with an average of 


30.3 days, whereas in the same group of cases in the 1943 series the 
hospital stay varied from 8 to 72 days, with an average of 18.7 days. 
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The hospital stay in the cases with localized abscess in the 1933 group 
varied from 8 to 64 days, with an average of 27.9, whereas in the 1943 
series these respective figures were 4 to 52, or 20.7. In generalized 
peritonitis, the average stay in the hospital varied from 13 to 81 days 
in the 1933 series with an average of 38.2, whereas in’ the 1943 group 
it varied from 9 to 98 days with an average of 26.1. An attempt was 
made to contrast the morbidities in the two series by determining the 
periods of pyrexia but no significant difference was found. 
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Fig. 9.—Incidence of pulmonary complications in appendical peritonitis. 
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Fig. 10.—Diagrammatic representation of the average duration of the hospital stay 
in various types of appendical peritonitis. 

A comparison of the mortality rate in the two groups of eases is 

of interest and significance (Fig. 11). In the Charity Hospital series 

there is a rather large number of patients who were moribund upon 


—~ 


admission and who died shortly after admission. Since no form of 
therapy is successful in these cases, we have excluded from the analy- 
sis those dying within the first twenty-four hours; 8 of these were in 
the 1933 series and 7 in the 1943 group. The combined mortality rate 
in all types of appendical peritonitis in the 1933 series was 15 per cent 
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and in the 19438 series was 5.2 per cent. In the group of patients with 
localized peritonitis in 1933, there were 7 deaths in the 52 cases, a mor- 
tality rate of 15.4 per cent. In the 29 patients with localized peri- 
tonitis admitted in 1943, there were no deaths. In the cases with 
localized abscess, the mortality rate in the 1933 group was 6.8 per cent 
as contrasted with the mortality rate of 6 per cent in the 1943 group. 
In the cases with generalized peritonitis, the mortality rate in the 1933 
group was 23.5 per cent, whereas in the 1943 group it was 14.2 per 
cent. It is evident that the mortalities both in the localized and in the 
generalized peritonitis groups were less in the 1943 than in the 1933 
series, Whereas there is no significant variation in the mortality rates 
with localized abscess in the two series. The improvement in the mor- 
tality statistics in the more recent cases with localized and with gen- 
eralized peritonitis is due in part at least to the use of sulfonamide 
drugs since these chemotherapeutics are known to be of value in in- 
vasive infections. The lack of improvement in the mortality statistics 
in the more recent cases with localized abscess is probably due to the 
ineffectuality of the sulfonamide drugs in localized suppurative proc- 
esses. This is well appreciated by most physicians at the present time, 
and these statistics demonstrate the necessity of instituting drainage 
of loealized collections of pus before sulfonamide drugs can be et- 
fectual. As has been shown repeatedly, the presence of para-amino- 
benzoic acid and other sulfonamide inhibitors in purulent exudate and 
necrotic tissue nullifies the action of the sulfonamide drugs. 

















% 
25 9 
Z 
POF A 
sb 142% Za1933 
P 1943 
EB CO Number of 
10k ZZ CaSZS 
g 68% re) 
AA Z 6.0% 
54 ZZ 
oe 
= O 




















Generalized Localized Localized 
peritonitis peritonitis abscess 


Fig. 11.—Diagrammatic representation of the mortality in appendical peritonitis 


Whereas the progressive decrease in the morbidity and the mortality 
rates at the present time in appendical peritonitis might be attributed 
by many to the use of sulfonamide drugs, and whereas undoubtedly 
those chemotherapeutic agents do exert a beneficial effect upon the 
invasive infections of the peritoneal cavity, it is our belief that not all 
the credit can be given to these substances. That the mortality rate in 
acute suppurative appendicitis can be affected beneficially by the 
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sulfonamide drugs was demonstrated by the results of Ravdin, Rhoads, 
and Lockwood,*? who showed that they were able to decrease the 
mortality rate from 1.5 per cent in these cases to 0.4 per cent in a 
series of cases In which sulfonamide drugs were given orally and par- 
enterally. Dees'' was probably the first to use sulfonamide drugs in- 
traperitoneally in cases of perforated appendicitis and reported good 
results, by this method of administration. The local implantation of 
sulfonamide drugs has been used since 1940 at the Roosevelt Hospital 
in New York. Thompson, Brabson, and Walker*® reported in 1941 that 
in a series of 51 cases of appendical abscess and appendical peritonitis 
in which sulfonamide drugs were used there were no deaths, as eon- 
trasted with 0.78 per cent and 11.2 per cent, respectively, in a series 
of 166 cases in which chemotherapy was not used. The beneficial 
results from the use of sulfonamides in the treatment of peritonitis is 

8, 12, 13, 16, 17, 20-23, 26, 29, 40, 38, 41, 24-46, 48, 52, 53 


attested by many reports.' * 

There is no uniformity of opinion concerning the way in which sul- 
fonamide drugs should be used or which of them should be employed. 
Since the original use of the sulfonamide drugs intraperitoneally by 
Dees'' and the popularization by Thompson and his co-workers*’ at 
the Roosevelt Hospital in New York, many have used sulfonamide 
drugs intraperitoneally and there has been considerable experimenta- 
tion on both the effectiveness in and the effects of sulfonamides in the 
peritoneal cavity. Throckmorton®® studied the peritonea! reactions to 
various sulfonamide compounds and found that in addition to the 
hacteriostatie effect of the sulfonamides, they probably are beneficial 
in peritonitis by increasing the local cellular mechanism. There was a 
considerable variation in the amount of cellular reaction produced, the 
reaction varying from a slight response of the peritoneum to sul- 
fanilamide, to the very marked reaction produced by sulfapyridine. 
Ife considers sulfathiazole to be the ideal agent for intraperitoneal use 
since it is specific against a large number of microorganisms, it is rela- 
tively innocuous to the peritoneum, it has a prolonged bacteriostatic 
effect, and it stimulates some local peritoneal response, similar to any 
other form of peritoneal vaccination, Walter and Cole,’! from experi- 
mental work on animals, came to the conelusion that sulfadiazine was 
the best sulfonamide to administer intraperitoneally. They noted that 
the blood level following the intraperitoneal administration of sulta- 
diazine was higher than when sulfanilamide was used. Rosenberg and 
Wall,#? from their experimental work, suggested the use of sulfanil- 
amide in the peritoneal cavity. Laufman and Wilson?’ were able to 
protect rats from peritoneal infection by the intraperitoneal use of 
sulfanilamide. Tashiro, Pratt, Kobayashi, and Kawaichi*® reeommend 
the local implantation of sulfanilamide in cases of peritonitis and re- 
port good results as observed both clinically and experimentally. 
Others who have advocated the use of sulfonamide drugs intraperi- 
toneally are Gardiner,'® Elman and Eckert,’ Estrin,’* Hudson and 
Smith,?° Kinney,?* Lee,?°> MceGehee,”’ Presnell,** Ravdin, Lockwood, and 
Rhoads,*® Rea,*! Smyth,*t Thompson, Brabson, and Walker,*®? Tether,** 
Wellborn and Stubblefield,’® Jackson and Coller,?? Ryan, Bauman, and 
Mulholland,**® and Laird and Stavern.** On the other hand, there are 
many who are of the opinion that sulfonamide drugs should not be 
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used locally in the peritoneal cavity. Harvey, Meleney, and Rennie,’® 
from their experimental studies, came to the conclusion that sulfon- 
amide drugs, especially sulfathiazole, were efficacious in protecting 
against peritonitis, but were more efficacious when given systemically 
than when given intraperitoneally. Lesses and Starr?’ report 2 pa- 
tients with toxic manifestations following intraperitoneal use of sul- 
fonamide drugs. Jackson and Coller?! have reported similar cases and 
state that there was an increase in the incidence of jaundice in cases 
in which sulfonamide drugs were used intraperitoneally. In the 2 


‘ 


cases reported by Lesses and Starr,?’ anemia, leucopenia, and hepatitis 
resulted from a single injection of sulfanilamide intraperitoneally. In 
the first ease a fatality resulted, but probably not because of the effects 
of the sulfanilamide. Loeb?* reports a case of severe systemic toxic 
effect produced by the intraperitoneal implantation of sulfanilamide, 
which resulted in severe hepatitis and marked anemia. Taylor** warns 
against the use of the sulfonamide drug in wounds, particularly in 
clean wounds, and questions whether it should ever be put in the 
peritoneal cavity even though there may be contamination. Whereas 
we have used sulfonamide drugs, particularly sulfanilamide crystals, 
locally in the peritoneal cavity in cases with definite contamination, 
we now believe that there is little advantage in administering sulfon- 
amide drugs in this manner and that this practice may be actually 
detrimental. We now prefer the intravenous administration of sodium 
sulfadiazine in these cases. 

The beneficial effects of the use of chemotherapeutic agents in diffuse 
peritonitis in childhood are illustrated by the following figures. Al- 
ford,’ in reporting the cases from the Hospital for Sick Children in 
Toronto, showed that the mortality rate from appendical peritonitis 
in 1935 was 64 per cent; in 1936, 76 per cent; in 1937, 43 per cent; in 
1938, 40 per cent; in 1939, 21 per cent; and in 1940, there were no 
deaths. Stafford*® had a mortality of 10 per cent in 489 patients with 
appendical peritonitis and abscess who were treated without the use 
of sulfonamide drugs, whereas in 105 in whom sulfonamide drugs were 
used, there were 5 deaths, a mortality of 4.76 per cent. Wattenberg 
and Heinbecker,®? reporting the cases from the St. Louis Children’s 
Hospital, had 27 deaths in 164 cases of appendical abscess and peri- 
tonitis (16.4 per cent). In a group of 46 similar cases in which sulfon- 
amide drugs were used, there were 5 deaths, a mortality rate of 10.8 
per cent. These same authors, in the cases of generalized peritonitis, 
had a mortality rate of 38.1 per cent before the use of sulfonamide 
drugs, as contrasted with 15.6 per cent following the introduction of 
sulfonamide therapy, and a mortality rate of 9.02 per cent in the pa- 
tients with localized abscess who were treated before sulfonamide 
drugs, and no fatalities in the group in which sulfonamide drugs were 
used. 


As previously mentioned, one is likely to give credit for the im- 
provement in results in recent years entirely to sulfonamide drugs. 
That such is not wholly the case, we are convinced by our own series. 
Undoubtedly, a great deal is being accomplished by the use of sup- 
portive measures, particularly the use of plasma and whole blood and 
the prevention of hypoproteinemia with resultant improvement in wound 
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healing, and the rapid establishment of water balance. Bower and 
his co-workers” ® have emphasized the importance of the use of plasma 
in cases of peritonitis and recommend giving it in every case in which 
there is a perforated appendicitis. Elman and Eekert'? have warned 
against the use of parenteral fluids in patients who have a hypopro- 
teinemia because of the danger of producing a salt edema. In these 
cases it is particularly important to give plasma. Coller* has recently 
emphasized the danger of the indiscriminate use of saline solutions. 
In our own series, the administration of plasma and blood has undoubt- 
edly been of great value in decreasing the morbidity and the mortality. 

The use of decompression, either by means of an indwelling duodenal 
catheter with Wangensteen suction or with the double tube (Miller 
and Abbott), is of great importance, because unquestionably many of 
these patients die and many of them continue to have symptoms be- 
cause of the associated ileus (Fig. 12). Probably of great value also 
in decompressing the gastrointestinal tract is the administration of 
high concentrations of oxygen, as originally suggested by Fine and 
his co-workers.’* In our own series, the use of both of these thera- 
peutic measures has undoubtedly done a great deal, not only to in- 
crease the comfort of the patients with appendical peritonitis, but also 


to decrease the morbidity and mortality. 
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Fig. 12.—Diagrammatic representation of the causes of death (1933 and 1943) in 
appendical peritonitis excluding the moribund cases in which the patient died within 
twenty-four hours of admission. 

It is now quite generally agreed that unless there is a localized 
abscess, peritoneal drainage not only does no good, but actually may 
be harmful. The incidence of postoperative complications and residual 
infections is actually higher when peritoneal drainage is instituted in 
cases of nonloealizing processes than when peritoneal drainage has 
not been done. Cottis'® reports 97 cases of perforated appendicitis 
with frank peritonitis, of which drainage was done in 54, with a mor- 
tality of 24 per cent. In another group of 43 cases in which drainage 
was not done, there was a mortality rate of 9.5 per cent. Elman and 
Eekert’? are of the opinion that drainage is much less necessary now 
than before the use of the sulfonamide drugs. On our own service, 
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drainage of the peritoneal cavity is never instituted unless there is a 
definite, localized abscess or an unremoved localized necrotie area. It 
is not even used in a localized peritonitis because it is our opinion that 
one cannot drain the peritoneal cavity per se, and the introduction 
of a foreign body into the peritoneal cavity produces trauma which 
tends to cause more adhesions resulting in possible residual infections 
and intestinal obstruction. On the other hand, if a definitely walled- 
off process is encountered, drainage of that area can and should be 
done. 

Even though drainage of the peritoneal cavity is not done, it is im- 
perative that drainage of the abdominal wall be used. Whereas we 
originally sutured the abdominal wail in layers and inserted a rubber 
tissue drain deep to the fascia, bringing it out one end of the wound, 
we now employ the delayed closure of the skin and subcutaneous fat 
as advocated by Gamble,’’ Coller and Valk® and Lee.?® This latter 
method consists of suturing the peritoneum and fascia at the time of 
the operation. Deep sutures are inserted through the skin, down to 
and through the fascia, but are left untied. The wound is packed 
with gauze for twenty-four to forty-eight hours, after which time the 
gauze is removed and the previously placed sutures are tied, thus ap- 
proximating the skin and subcutaneous tissue. In this way, phlegmons 
of the abdominal wall and progressive infection can be prevented, 
healing by primary intention being obtained in many instances. 

Whereas the treatment of appendicitis is always immediate extirpa- 
tion of the appendix as soon as the diagnosis is made, there are some 
cases of appendical peritonitis in which the complicating peritonitis 
is of more importance than the originating appendicitis. Although 
the late A. J. Ochsner,*! who advocated the conservative treatment of 
appendical peritonitis, spoke of the conservative treatment of appen- 
dicitis, he never practiced such therapy, but he did advocate and prac- 
tice the conservative treatment of appendical peritonitis. If, in a 
given case, there is any question about rupture of the appendix, imme- 
diate operation is indicated because as previously emphasized, the only 
treatment of acute appendicitis per se is appendectomy. Also, if there 
is any question concerning the presence of localization, operation is 
indicated, because in the absence of localization, the removal of the 
offending appendix can be done without materially increasing the risk 
and the focus from which the emanating infection is thus removed. 
The conservative treatment of appendical peritonitis is indicated only 
in those cases in which localization of the infective process has taken 
place. This can be determined with considerable difficulty at times 
and unless there is a definite palpable mass indicating localization, 
exploration is probably indicated in all cases. In some of these cases 
without a definite palpable mass which are explored, and in which a 
well-localized inflammatory process is found at operation, the mass 
should be left undisturbed and a drain placed down to the mass. The 
rationale for the conservative treatment of appendiecal peritonitis is 
based upon the fact that following peritoneal trauma, a reaction of 
the peritoneum occurs which tends to wall off the traumatizing agent 
(Figs. 13 and 14). In the case of bacterial peritonitis, the walling 
off of the infected process is extremely desirable; and, if in the be- 
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ginning of the walling off process and for a few days thereafter, the 
patient is operated upon and the protective adhesions separating the 
focus from the rest of the peritoneal cavity are broken down with 
spread of the highly infective organisms and their toxins into an un- 











Fig. 13.—Diagrammatic representation of a clinical chart of a patient admitted 
with a ruptured appendicitis and localized right lower quadrant inflammatory mass 
which had been present for four days. Under conservative therapy there was prompt 
resolution of the inflammatory process, permitting discharge of the patient from the 
hospital on the tenth day. Patient subsequently returned for appendectomy. 
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Fig. 14.—Diagrammatic representation of clinical chart of patient with ruptured 
appendicitis. Patient had been sick two days before admission to the hospital. At 
the time of admission, there was a localized inflammatory mass in the right lower 
quadrant. Patient was treated conservatively with gradual resolution of the inflam- 
matory process and subsidence of clinical manifestations. He was discharged on 
the fourteenth day to return later for an appendectomy. 


involved portion of the peritoneal cavity, an overwhelming toxemia is 
likely to result. If, on the other hand, the conservative treatment, 
which consists of the withholding of everything by mouth, the use of 
the indwelling duodenal catheter, the administration of large doses of 
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Fig. 15.—Diagrammatic representation of clinical chart of patient admitted three 
weeks after onset of symptoms consisting of chills, fever, and diarrhea. On admis- 
sion, a large nontender mass was palpable in the right flank. Patient was treated 
conservatively without a diagnosis being made, and probably much too long. On the 
twenty-second day abdominal exploration was done through the free peritoneal cavity. 
An abscess was opened and an appendectomy done. This resulted in extension of 
the infection to the uninvolved portion of the peritoneal cavity, with generalized 
peritonitis and death. Undoubtedly simple drainage of the abscess should have been 
done in this patient much earlier, which would have prevented the tragic outcome. 
The conservative treatment in this instance was indicated but was incorrectly ex- 
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Fig. 16.—Diagrammatic representation of the value of the conservative treatment of appendical 
peritonitis as obtained by different clinicians. 
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morphine, the application of heat to the abdomen, Fowler’s position, 
and the administration of parenteral fluids and sulfonamide drugs, is 
instituted, localization of the process can occur so that subsequent 
drainage of the abscess can be done without danger. Although it has 
been argued that the complication incidence is higher following the 
conservative treatment of appendical peritonitis than when immediate 
operation is done, irrespective of the time the patient is seen, this is 
no valid objection to the treatment. From our own experience we are 
convinced that the complication incidence is definitely higher in those 
cases in which appendical peritonitis has been treated conservatively, 
because these patients live long enough to develop their complications. 
Also these cases are more difficult to handle in that they require the 
employment of keener surgical judgment and more careful supervision 
than any other type of surgical patient. It has often been stated that 
no one can determine what is going on in the peritoneal cavity, and 
for this reason the conservative treatment of appendical peritonitis is 
never justified. Certainly if there is no evidence of localization, or if 
there is any question about whether localization has occurred or not, 
operation is indicated. This is particularly true in young individuals 
and in older persons in whom localization is not as likely to occur as 
in young adults. If, however, at the time of operation a localized mass 
is found with the inflammatory process walled off, the adhesions should 
not be broken down and the appendix removed. In such an instanee, 
a rubber tissue drain should be placed down to the mass and the ab- 
dominal wall closed around it. Whereas considerable fortitude is re- 
quired to do nothing more than this in a patient with a ruptured appen- 
dix, it is undoubtedly lifesaving in many instances. 

In the conservative treatment of appendical peritonitis, it is imper- 
ative that constant supervision be maintained in order to determine 
whether the process is progressing or subsiding. If there is any evi- 
dence of progression, incision and drainage in such a way as to prevent 
opening an uninvolved portion of the serous cavity are imperative in 
order to prevent extension into the free peritoneal cavity (Fig. 15). 
In the eases treated conservatively, about three-fourths will subside 
spontaneously without going on to abscess formation. In the remain- 
ing 25 per cent it will be necessary to drain the abscess and in all 
cases a subsequent appendectomy must be done, because with very few 
exceptions another attack of appendicitis is likely to occur. 

The value of conservative treatment of certain cases of appendical 


peritonitis is shown by Fig. 16.% * * *% * 


SUMMARY AND CONCLUSIONS 


1. Despite an appreciable decrease in the incidence of appendical 
peritonitis in the past decade, this complication remains all too fre- 
quent and ealls for constant and further emphasis both to the laity 
and to the medical profession in order to obviate this disaster which 
is, almost without exception, preventable. 

2. Our statistics show that cathartics are administered in 90 per cent 
of cases of ruptured appendicitis, which is indeed deplorable. 

3. Appendical rupture is usually associated with the development 
of one of three complications depending on many controllable and un- 
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controllable factors: localized peritonitis, localized abscess (or, more 
correctly, walled-off inflammatory process), and spreading or gener- 
alized peritonitis. 

4. Comparison of treatment and results in the years 1933 and 19438 
indicates that therapy now employed is more effective than that used 
formerly. The use of sulfonamide drugs has been a boon in lowering 
mortality and morbidity; equally important, however, are the use of 
relatively large amounts of blood and plasma and the routine employ- 
ment of gastrointestinal decompression in all cases with any possibility 
of adynamic ileus. 

d. A statistical analysis is given of the various findings in the differ- 
ent types of appendical peritonitis. The presence of a palpable mass 
is of considerable importance in the diagnosis and in governing sub- 
sequent therapy; it is indicative of walling off and localization. Such 
cases are included in the so-called ‘‘localized abscess’’ group just men- 
tioned. A more accurate and descriptive term for this group would 
be localized inflammatory process. 

6. A plea is made for careful study and individualization in every 
case of appendical peritonitis. In a given case we advocate: 

(a) Immediate surgical extirpation of the vermiform appendix in 
all eases of unruptured appendicitis. 

(b) Immediate appendectomy in all patients with ruptured appen- 
dicitis in whom there is not definite and demonstrable loeali- 
zation. Thus, we believe in immediate appendectomy in the 
localized and generalized peritonitis cases of the diffuse type. 

(c) Conservative therapy of all cases of localized inflammatory 
processes. This treatment consists essentially of obtaining 
absolute rest of the gastrointestinal tract by withholding 
everything by mouth, liberal use of morphine, application of 
external heat to the abdomen, gastrointestinal decompression 
by indwelling duodenal catheter or Miller-Abbott tube. In 
addition, liberal use of blood and plasma to avoid anemia and 
hypoproteinemia, sulfonamide drugs parenterally to control 
infection, and oxygen to aid in preventing distention, are 
important. In 75 to 80-per cent of such cases the inflamma- 
tory process will quickly recede; interval appendectomy should 
then be done at a later date. Twenty to twenty-five per cent 
will progress to localized suppuration and will require drain- 
age; great care is absolutely imperative in avoiding unin- 
volved peritoneum in such drainage. 

7. We believe the sulfonamide drugs do give an added factor of 
safety in dealing with appendical peritonitis; however, this factor 
should be used as a supplement to, rather than a replacement of, sur- 
gical judgment. Our studies convince us that localized inflammatory 
processes are best treated conservatively ; there is no chemotherapeutic 
agent known which obviates the risk of a fulminating generalized 
peritonitis when immediate operation and appendectomy is practiced 
routinely on this group of patients. 


REFERENCES 


j. Alford, Kenneth M.: Prognosis and Treatment of Acute Diffuse Peritonitis 
in Children Since the Advent of Chemotherapeutic Drugs, Arch. Dis. Child- 
hood 16: 43, 1941. 





eet AACE theca int . 














pr 











Fl AIG I EE ela hd: 











19. 


20. 





OCHSNER AND JOHNSTON: APPENDICAL PERITONITIS 891 


Anderson, Robert K.: Sulfathiazole as an Adjunct to Surgery in Advanced 
Acute Appendicitis, J. A. M. A. 118: 892, 1942. 

Barrow, Woolfolk: Appendiceal Peritonitis, Kentucky M. J. 39: 184, 1941. 

Barrow, Woolfolk, and Ochsner, Alton: Treatment of Appendical Peritonitis, 
J. A.M. A. 115: 1246, 1940. 

Bower, J. O., Terzian, L. A., Burns, J. C., Trachtenberg, H. B., and Pearce, 
A. E.: Appendiceal Peritonitis: Experimental and Clinical Investigations 
Into the Causes of the High Mortality, J. A. M. A. 118: 1284, 1942. 

Bower, J. O., Terzian, L. A., and Pearce, A. E.: Changes in the Blood and 
the Composition of the Peritoneal Exudate in Induced Spreading Peritonitis, 
Arch, Surg. 44: 1091, 1942. 

Coller, Frederick A., Campbell, K. N., Vaughan, H. H., lab, L. V., and Mover, 
C. A.: Postoperative Salt Intolerance, Ann. Surg. 119: 533, 1944. 


. Coller, Frederick A., and Singleton, Albert O., Jr.: Peritonitis, Proc. Interst. 


Postgrad. M. A. North America, p. 322, 1941. 


9. Coller, F. A., and Valk, W. L.: Delayed Closure of Contaminated Wounds; 


Preliminary Report, Ann. Surg. 112: 256, 1940. 


. Cottis, G. W.: The Fallacy of Peritoneal Drainage, Am. J. Surg. 60: 204, 


1943. 

Dees, J. G.: A Valuable Adjunct in Perforated Appendices, Mississippi Doe 
tor 18: 215, 1940. 

Elman, Robert, and Eckert, C. L.: Treatment of Acute Perforative Peritonitis: 
Importance of Operation, Oxygen Inhalations, Plasma Transfusions and the 
Sulfonamides, J. Missouri M. A. 39: 198, 1942. 

Estrin, Joseph: Intraperitoneal Application of Sulfanilamide in Peritonitis 
Complicating Appendicitis, M. Rec. 154: 189, 1941. 

Fine, J., Sears, J. B., and Banks, B. M.: Effect of Oxygen Inhalation on 
Gaseous Distention of Stomach and Small Intestine, Am. J. Digest Dis. 
2: 361, 1935. 

Fine, J., Banks, B. M., Sears, J. B., and Hermanson, L.: ‘Treatment of Gaseous 
Distention of Intestine by Inhalation of 95 Per Cent Oxygen; Description 
of Apparatus for Clinical Administration of High Oxygen Mixtures, Ann. 
Surg. 103: 375, 1936. 


5. Gamble, Hugh A.: The Application of the Open Treatment of All Potentially 


Infected Abdominal Wounds and Results, Mississippi Doctor 21: 8, 1943. 


. Gardiner, R. H.: Intraperitoneal Sulphapyridine in Acute Abdominal Condi 


tions, Lancet 1: 195, 1942. 


. Gottesman, Julius, and Goldberg, Harold: Acute Appendicitis With Gener 


alized Peritonitis; Treated by Intravenous and Direct Intraperitoneal In 
jection of a Sulfonamide Derivative, J. A. M. A. 118: 297, 1942. 


. Guerry, LeGrand, and McCutchen, George T: The Management of Appen- 


diceal Peritonitis With Special Reference to the Operative Handling of the 
Localized Abscess, Ann. Surg. 115: 228, 1942. 

Harvey, H. D., Meleney, F. L., and Rennie, J. W. R.: Peritonitis: III. Studies 
in Peritoneal Protection With Particular Reference to Action of Sulfona- 
mide Drugs in Experimental Peritonitis, SURGERY 11: 244, 1942. 

Hudson, Rupert Vaughan, and Smith, Rodney: Intraperitoneal Sulphanila- 
mide; Its Prophylactic and Therapeutic Value, Lancet 1: 457, 1942. 


. Jackson, Howard C., and Coller, Frederick A.: The Use of Sulfanilamide in 


the Peritoneum; Experimental and Clinical Observations, J. A. M. A, 118: 
194, 1942. 


. Jonas, A. F., Jr.: Sulfathiazole in the Treatment of Appendiceal Peritonitis, 


Am. J. Surg. 57: 112, 1942. 

Kinney, C. A.: The Use of Sulfanilamide in the Peritoneum, J. South Caro 
lina M, A, 37: 137, 1941. 

Laird, George J., and Stavern, Herbert: Intraperitoneal Use of the Sulfona 
mides, California & West. Med. 56: 293, 1942. 

Laufman, Harold, and Wilson, Catherine E.: Prophylactic Intraperitoneal 
Introduction of Crystalline Sulfanilamide; Experimental Observations, Arch. 
Surg. 44: 55, 1942. 

Lee, Herbert Carl: The Treatment of Acute Appendicitis With Peritonitis, 
Virginia M. Monthly 69: 484, 1942. 

Lesses, Mark Faleon, and Starr, Arnold: Toxie Effects From the Intraperi 
toneal Use of Sulfanilamide, New England J. Med. 226: 558, 1942. 

Loeb, Martin J.: Systemic Toxie Effects Caused by Topical Application of 
Sulfanilamide in the Peritoneal Cavity, New York State J. Med. 43: 447, 
1943. 


. MeGehee, John Lucius: Advances in the Treatment of Acute Peritonitis of 


Appendiceal Origin, Mississippi Doctor 18: 458, 1941. 


. Mueller, Roland F.: Treatment and Results in Appendicitis, Minnesota Med. 


24: 243, 1941. 


. Ochsner, A. J.: A Handbook of Appendicitis, Chicago, 1902, G. P. Engelhard 


and Company. 


2. Ochsner, Alton: The Conservative Treatment of Appendiceal Peritonitis, New 


Orleans M. & S. J. 87: 32, 1934. 


3. Ochsner, Alton: The Conservative Treatment of Appendiceal Peritonitis, Texas 


State J. Med. 32: 579, 1937. 





ra 





892 SURGERY 


34. Ochsner, Alton, Gage, I. M., and Garside, Earl: The Intra-Abdominal Post- 
Operative Complications of Appendicitis, Ann. Surg. 91: 544, 1930. 

. Ochsner, Alton, and Lilly, George: The Technique of Appendectomy, SURGERY 
2: 532, 1937. 

36. Ochsner, Alton, and Murray, Sam: Appendicitis, Am. J. Surg. 46: 566, 1939. 

37. Potter, E. B., and Coller, F. A.: The Treatment of Peritonitis Associated 
With Appendicitis, J. Michigan M. Soe. 32: 573, 1933; also J. A. M. A. 103: 
1753, 1934. 

38. Presnell, G. R.: Acute Appendicitis; Management of Rupture With Spread- 
ing Peritonitis, J. Missouri M. A. 40: 137, 1945. 

39. Ravdin, I. 8., Lockwood, J. S., and Rhoads, J. E.: The Results of Sulfon- 
amide Prophylaxis in the Surgery of the Large Bowel, 8S. Clin. North America 
22: 1585, 1943. 

40. Ravdin, I. 8., Rhoads, J. E., and Lockwood, J. 8.: The Use of Sulfanilamide 
in the Treatment of Peritonitis Associated With Appendicitis, Ann. Surg. 
111: 53, 1940. 

$1. Rea, Charles E.: The Use of Sulfonamides in Abdominal Surgery, Minnesota 
Med. 27: 99, 1944. 

12. Rosenberg, 8., and Wall, Norman M.: The Treatment of Diffuse Peritonitis 
by the Direct Intraperitoneal Introduction of Sulfanilamide, Surg., Gynec. 
& Obst. 72: 568, 1941. 

43. Ryan, J. D., Bauman, Eli, and Mulholland, J. H.: The Blood Concentration 
With Urinary Excretion of Sulfadiazine, J. A. M. A. 119: 484, 1942. 

44, Smyth, Calvin, Jr.: | The Use of Sulfanilamide in the Management of Spread- 
ing Peritonitis of Appendiceal Origin, 8S. Clin. North America 22: 1611, 
1942. 

45. Stafford, Edward S.: The Value of Sulfathiazole in the Treatment of Peri- 
tonitis and Abscess of Appendical Origin, Surg., Gynec. & Obst. 74: 368, 
1942. 

46. Tashiro, K., Pratt, O. B., Kobayashi, N., and Kawaichi, G. K.: The Local 
Implantation of Sulfanilamide in the Peritoneal Cavity and Its Clinical 
Application in Peritonitis, SURGERY 11: 671, 1942. 

47. Taylor, Frederic W.: The Misuse of Sulfonamide Compounds, J. A. M. A. 118: 
959, 1942. 

48. Tether, Russell K.: Treatment of General Peritonitis of Appendiceal Origin, 
J. M. Soe. New Jersey 39: 331, 1942. 

49. Thompson, James E., Brabson, John A., and Walker, John M.: The Intra- 
Abdominal Application of Sulfanilamide in Acute Peritonitis, Surg., Gynec. 
& Obst. 72: 722, 1941. 

50. Throckmorton, T. D.: The Peritoneal Response to Locally Implanted Crystal- 
line Sulfonamide Compounds, SurGERyY 12: 906, 1942. 

51. Walter, LeRoy, and Cole, Warren R.: The Intraperitoneal Administration of 
Sulfadiazine: With Special Reference to a Comparative Study With Sul- 
fanilamide, Surg., Gynec. & Obst. 76: 524, 1943. 

52. Wattenberg, Carl A., and Heinbecker, Peter: The Treatment of Acute Ap- 
pendicitis in Children as Influenced by Chemotherapy, SuRGERY 12: 576, 1942. 

53. Wellborn, Mell B., and Stubblefield, K. F.:| The Intra-Abdominal Application 
of Sulfanilamide in Acute Perforative Appendicitis; Preliminary Report, 
South. Surgeon 11: 24, 1942. 























SURGERY 


BP A PIR ye a, ERICA RR RSI or 





The Special Liver Fraction used as the base of Beta-Concemin provides 
the complete B complex. 

This has been demonstrated in experiments where chicks fed a diet 
supplemented with the Beta-Concemin Liver Fraction develop optimum 
feather growth, whereas those fed a diet supposedly adequate in all known 
vitamins do not feather normally. 

Moreover, this Liver Fraction has a favorable effect on growth, mor- 
tality and hemoglobin formation in the laboratory animal. 


BETA-CONCEMIN 


Brand of Vitamin B Complex 
Contains the COMPLETE B Complex 


Delicious, fruity ELIXIR BETA-CONCEMIN is supplied in 4-0z., 12-0z. and 
gallon bottles—average dosage is 2 or 3 teaspoonfuls daily. Convenient 





BETA-CONCEMIN TABLETS are supplied in 100’s and 1000’s—average dosage 
is 4 to 6 tablets daily. CAPSULES BETA-CONCEMIN WITH FERROUS SULFATE, 
expressly designed for treatment of iron-deficiency anemias, are also avail- 
able in 100’s and 1000’s—average dosage is 4 to 6 capsules daily. 


Trademark ‘‘Beta-Concemin’ 
Reg. U.S. Pat. Off. 











SURGERY 








Authoritative — Up-to-the-Minute — Complete 


CURRENT OBSTETRICS AND GYNECOLOGY 


Proceedings of the Second 


AMERICAN CUNGRESS 
UN UBSTETRICS AND GYNECOLOGY 


A correlated program of essays, panel discussions and symposia epitomiz- 
ing everything important and new in the fields of obstetrics and gynecology. 
The subject material, carefully integrated in advance, is presented under the 
strict criteria of question and answer discussions. Authors are unimpeachable 
authorities—each in his respective field. Discussors are especially selected 
for experience, critical ability. Analyses and summaries are—as a result—the 
last word. No stone is left unturned. The result is: 


A Work Absolutely Essential to Specialist, General 
Practitioner, Nurse, Hospital Executive and 


Maternal and Child-Welfare Worker 


Among the Contributors Are: 


Fred L. Adair Nicholson J. Eastman Edward Allen 

Aura FE. Severinghaus Herbert E. Schmitz Robert D. Mussey 
Robert Latou Dickinson E. D. Plass J. P. Greenhill 

G. D. Royston I. C. Rubin E. G. Waters 

Carl G. Hartman Abner I. Weisman Harry W. Mayes 
R. S. Siddall David S. Hillis Alan F. Guttmacher 
John L. Parks Lewis C. Scheffey Philip Levine 

Alex E. Brown A. W. Diddle A. N. Arneson 

E. Granville Crabtree James R. Reinberger Sidney O. Levinson 
Curtis J. Lund Lyman W. Mason Paul F. Fletcher 


and over sixty others 


| Almost every important teaching institution represented. 


{| Obstetrics, Gynecology, Obstetrical Hosmtal Management, Obstetrical 
Nursing, Public Health and Social Service Aspects. 


|} A complete correlated refresher course absolutely up to date. 


Price, $5.50 


PUBLISHED BY THE WESTERN JOURNAL OF SURGERY PUBLISHING COMPANY, 
PORTLAND, OREGON, FOR THE AMERICAN CONGRESS ON OBSTETRICS 
AND GYNECOLOGY 


Sa SSS SS SSS SSS SSS SSCS TSS GST 
To: 6-45 
THE AMERICAN CONGRESS ON OBSTETRICS AND GYNECOLOGY 


650 Rush Street 
Chicago, Illinois 


Please place my order for one copy of the 1942 Transactions, at $5.50 per volume, for which 
check is enclosed (or) you may bill me when volume is shipped. 














Es eee 





p28 


RE 





oeceter: 














SURGERY 











SURGERY 


Editors: ALTON OCHSNER, M.D., 1430 Tulane Ave., New Orleans, La., and OWEN 
H. WANGENSTEEN, M.D., University Hospitals, Minneapolis, Minn. 


Associate Editor: ALFRED BLALOCK, M.D., Johns Hopkins Hospital, Baltimore, Md. 
Published by THE C. V. MOSBY COMPANY, 3207 Washington Blvd., 
St. Louis 3, U.S.A. 
Great Britain Agents: Henry Kimpton, Ltd., 26 Bloomsbury Way, London, W.C.1. 
Entered at the Post Office at St. Louis, Mo., as Second-Class Matter. 





Published Monthly. Subscriptions may begin at any time. 





Editorial Communications 





Original Communications.—This Journal invites concise original articles of new 
matter in the broad field of clinical and experimental surgery. Descriptions of new 
techniques and methods are welcomed. Articles are accepted for publication with the 
understanding that they are contributed solely to SURGERY. 


Manuscripts submitted for publication may be sent to Dr. Alton Ochsner, 1430 
Tulane Avenue, New Orleans, Louisiana, or to Dr. Owen H. Wangensteen, University 
Hospitals, Minneapolis, Minnesota. 


Neither the editors nor the publishers accept responsibility for the views and 
statements of authors expressed in their communications. 


Translations.—Manuscripts written in a foreign language, if found suitable for 
publication, will be translated without cost to the author. 


Manuscripts.—Manuscripts should be typewritten on one side of the paper only, 
with double spacing and liberal margins. References should be placed at the 
end of the article and should conform to the style of the Quarterly Cumulative 
Index Medicus; viz., name of author, title of article, and name of periodical with 
volume, page, and year. Illustrations accompanying manuscripts should _ be 
numbered, provided with suitable legends, and marked on margin or back with 
the author’s name. 


Authors should indicate on the manuscript the approximate position of text 
figures. The original drawings, not photographs of them, should accompany the 
manuscript. 


Illustrations.—A reasonable number of half-tone illustrations will be reproduced 
free of cost to the author, but special arrangements must be made with the editors 
for color plates, elaborate tables or extra illustrations. Copy for zinc cuts (such as 
pen drawings and charts) should be drawn and lettered only in India ink, or black 
typewriter ribbon (when the typewriter is used), as ordinary blue ink or colors will 
not —* Only good photographic prints or drawings should be supplied for half- 
tone work. 


Exchanges.—Contributions, letters, exchanges, reprints, and all other communica- 
tions relating to SURGERY should be sent to one of the editors. 


Review of Books.—Books and monographs, native and foreign, will be reviewed 
according to their merits and as_ space permits. 300ks may be sent to Dr. Owen 
H. Wangensteen, University Hospitals, Minneapolis, Minn. 


Reprints.—Reprints of articles published among ‘Original Communications’’ must 
be ordered directly through the publishers, The C. V. Mosby Co., 3207 Washington 
Blvd., St. Louis 3, U.S.A., who will send their schedule of prices. 


Business Communications 


Business Communications.—Al] communications in regard to advertising, subscrip- 
tions, change of address, etc., should be addressed to the publishers, The C. V. Mosby 
Company, 3207 Washington Blvd., St. Louis 3, Mo. 


Subscription Rates.—Single copies, 85 cents. To any place in the United States 
and its Possessions and the Pan-American Countries, $10.00 per year in advance. 
To Canada, $11.50 (Canadian Currency), and under foreign postage, $11.00. Includes 
two volumes a year, January and July. 


Remittances.—Remittances for subscriptions should be made by check, draft, post 
omce eo money order, or registered letter, payable to the publishers, The C. V. 
osby Co. 


Change of Address.—The publishers should be advised of change of subscriber’s 
address about fifteen days before the date of issue, with both new and old addresses 
given. 


Nonreceipt of Copies.—Complaints for nonreceipt of copies or requests for extra 
numbers must be received on or before the 10th of the month preceding publication; 
otherwise the supply is likely to be exhausted. 


Advertisements.—Only articles of known scientific value will be given space. Forms 
close tenth of month preceding date of issue. Advertising rates and page sizes on 
application. 














S SURGERY 





INDEX TO ADVERTISERS 


Please mention “SURGERY” when writing to 
our advertisers—It identifies you 


Abbott Laboratories (Tincture Meta- 
phen) one etree Pee 
American Congress on Obstetrics and 
Gynecology 


Articles to Appear in Early Issues 


srd Cover 


Back Issues Wanted —- . 
Bard-Parker Company, Inc. (Rib-Back 
Blades) E ; 


Ciba Pharmaceutical Products, Inc. 
(Coramine) = ce , 


Davis & Geck, Ine. (Sutures) 


Ethicon Suture Laboratories (Sutures 
and Needles) —- 


a between pages 12 and 13 


Hoffmann-La Roche, Inc. (Syntronal) 


16 


18 


> 


A, Dee = ; = 4th Cover 


Iodine Educational Bureau, Inc. 
(Iodine ) ene 


Lilly and Company, Eli (lletin) 
Lippincott Co., J. B. (Surgical Books) & 


Merrell Company, The Wm. Ss. 
(Beta-Concemin) —---~-~- 


Owens-Corning Fiberglas Corporation 
(Fiberglas) --- __- 


Seanlan-Morris (Scanlan Sutures) —~ 6 
Singer Sewing Machine Company (Sur- 


gical Stitching Instrument) —------- 9 
Sklar Manufacturing Company, J. 

(Stainless Steel Instruments) —----- 11 
Squibb & Sons, E. R. (Basic Formula) 2 
Squibb & Sons, E. R. (Intocostrin) __ 4 


Stearns & Company, Frederick (Hemo- 
RED oe ena aor 


Suckert Loose Leaf Cover Company 18 


~emam——— | 


All possible care is exercised in the preparation of this index. The publishers are not 
responsible for any errors or omissions. 











A Handsome Permanent 


Binder for SURGERY 


ONLY 
$].05 






The ONLY binder 
that opens flat as a 
bound book! Made 
of durable imitation 
leather, it will pre- 
serve your journals 
permanently. Each cover holds 6 is- 
sues, one volume (2 volumes published 
each year). Do your own binding at 
home in a few minutes. Instructions 
easy to follow. 


Mail coupon for full information and 
binder on 10-day free trial. 


Sere Se AlL. COUPON TODAY **2eeane 


SUCKERT LOOSE LEAF COVER CO. 
234 W. Larned St., Detroit, Michigan 


Mail postpaid —~_----~ binders for ‘‘SUR- 
aes””6 6hOr weer —.......... Will remit in 


10 days or return bindings collect. 
ee eee eae en ne eed 
Address 





Back Issues Wanted 


Help other physicians complete 
their volumes 


We will pay 55¢ per copy for the 
following: 


American Journal of Ob- 
stetrics & Gynecology 


January, February, 1945 
Journal of Laboratory & 
Clinical Medicine 

January, February, 1945 


The Journal of Pediatrics 
January, 1945 


American Heart Journal 


January, February, March, 
1945 


Send Journals to Subscription Man- 
ager, Dept. A, The C. V. Mosby 
Company, 3207 Washington Blvd., St. 
Louis 3, Mo. 

















| Be 
a 
a 





at 

















Articles to appear in early issues of 


SURGERY 


Symposium on Anesthesia 


ANESTHETIC AGENTS AS FACTORS IN CIRCULATORY REACTIONS INDUCED BY HEMORRHAGE. 
sy B. W. Zweifach, M.D., S. G. Hershey, M.D., E. A. Rovenstine, M.D., R. E. 
Lee, M.D., and R. Chambers, M.D., New York, N. Y. 


CYCLOPROPANE: A PERSONAL EVALUATION, 
By Ralph M. Waters, M.D., Madison, Wis. 


PROLONGED ANESTHESIA, . 
By Ralph T. Knight, M.D., and Joe W. Baird, M.D., Minneapolis, Minn. 


(CURARE IN ANESTHESIA. 
By Stuart C. Cullen, M.D., Iowa City, Iowa. 


FACTORS INFLUENCING TRENDS IN ANESTHESIA. 
By John 8. Lundy, M.D., R. Charles Adams, M.D., and Thomas H. Seldon, M.D., 
Rochester, Minn. 


EXPLOSIONS IN ANESTHESIA: A REVIEW OF THE LITERATURE. 
By Frank Cole, M.D., Minneapolis, Minn. 


INTERCOSTAL NERVE BLOCK. 
By Stanton Belinkoff, M.D., New York, N.Y. 


NOTES REGARDING THE USE OF INTRAVENOUS SODIUM PENTOTHAL ANESTHESIA IN) MAJOR 
SURGICAL CASES. 
By Cleveland H. Shutt, M.D., St. Louis, Mo. 


OSTEOMYELITIS OF THE SKULI Its TREATMENT WITH PENICILLIN AND REPAIR OF THE 
DEFECT WITH TANTALUM. 
Major Max T. Schnitker, Medical Corps, and Captain William DD. MeCarthy, 
Dental Corps, Army of the United States. 


RADICAL DUODENOPANCREATECTOMY. 
By J. E. Strode, M.D., F.A.C.S., Honolulu, Hawaii. 


LIGATION OF THE INFERIOR VENA CAVA, 
By Robert O. Northway, M.D., and Robert W. Buxton, M.D., Ann Arbor, Mich. 


CLOSURE OF THE BRONCHIAL STUMP FOLLOWING LOBECTOMY OR PNEUMONECTOMY. 
By Richard H. Sweet, M.D)., Boston, Mass. 


PULSION DIVERTICULUM OF THE HYPOPHARYNX AT THE PHARYNGO-ESOPHAGEAL JUN( 
TION, 
By Stuart W. Harrington, M.D., Rochester, Minn. 


INTERSCAPULOTHORACTH( DISARTICULATION OF THE ARM. 
By Jacob K. Berman, M.D., Indianapolis, Ind. 


GASTROJEJUNOCOLIC FISTULA, 
By Henry K. Ransom, M.D., Ann Arbor, Mich. 


CARCINOMA OF SIGMOID AND RECTOSIGMOID INVOLVING URINARY BLADDER; SURGICAI 
MANAGEMENT IN SIXTY-FOUR CASES. 
By Claude F. Dixon, M.D., and Raymond E. Benson, M.D., Rochester, Minn. 


GANGRENOUS CYSTITIS: ETIOLOGIC CLASSIFICATION AND TREATMENT. 
By David S. Cristol, M.D., and Laurence F. Greene, M.D., Rochester, Minn. 


Bopy FLUID AND PLASMA PROTEIN CHANGES FOLLOWING A SINGLE NONFATAL HEMOR 
RHAGE IN HYPOPROTEINEMIC Dogs. 
By Mavnard P. Pride, M.D., Edward Muntwyler, Ph.D., Grace E. Griffin, M.S., 


Frederick R. Mautz. M.D... and Lois Griffith, Cleveland, Olio. 




















SYNTRONAL socwe- 


A DEPENDABLE SEDATIVE-ANTISPASMODIC 


Syntronal ‘Roche,’ a new, well-balanced combination of Syntropan* ‘Roche’ with pheno- 
barbital, has a threefold therapeutic effect in spastic disorders. Like papaverine, it has 
a direct relaxing effect on smooth muscle fibers; moreover, it selectively inhibits the 
parasympathetic innervation of smooth muscle but in therapeutic doses it is remarkably 
free from the untoward by-effects of atropine. In addition, Syntronal has a gentle 
sedative effect which is important in view of the significant role of nervous tension 
and apprehension in many spastic disorders of the gastrointestinal and urinary tracts, 


and spastic dysmenorrhea. 


HOFFMANN-LA ROCHE, Inc. - Roche Park, Nutley 10, N.J. 


: 
* Phosphate of d,l-tropic acid ester of 3-diethylamino-2,2-dimethyl-1-propanol. 











A 
MAIL THE COUPON HOFFMANN -LA ROCHE, Inc. 
Roche Park, Nutley 10, N. J. 
FOR A 
— c ; Gentlemen: 1 would like to receive a complimentary clinical trial supply of Syntronal 
Aree Sample ‘Roche,’ the new sedative-antispasmodic 
OF SYNTRONAL Dr _ — _ ——_ 











TABLETS 

















Ei Brier 











